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A TECHNICAL REPORT FROM DU PONT 


New process 


e Objects are positioned on paperboard at l 


revolutionizes skin packaging 


Du Pont ALatHon* polyethylene resin combines with Du Pont 
\fyian** polyester film in a new skin packaging film which permits 
the use of uncoated, unperforated paperboards. Developed by 
the Print-A-Tube Co., Rochelle Park, N. J]., the new film initiates 
mass usage and automation of the skin packaging process on 
commercial machinery. 

The side of the new film coated with ALATHON 16 is heat-sealed 


directly to the paperboard, making coating of the board unneces- 
¢ Skin packaging film, developed by Print-A-Tube 


sary. Since the board remains porous, the vacuum is drawn directly 
¢ Co., has been laid al few ine he s from b ird 


through the board, pulling the heated film tightly around the ob- 
jects being packaged. Dwell time under the heater has been 
reduced to as little as two seconds and the time for pulling the 
vacuum to as little as three seconds. A single heat and vacuum 
cycle with the new film requires an average of ten seconds, com- 
pared with 40 seconds, a saving in time of approximately 75%. 
Shelf life of the film is greatly improved. ALaTHON 16 gives the 
film sealing qualities which are unimpaired with age and protects 
against moisture transmission. The film may be produced in thin 
gauges of .001” and .0025”, because of its strength. In addition. 
the clarity of the film and its ability to reflect light are assets in 
mmproving package appearance. ¢ Film is heated prior to vacuum process which 
Since coated paperboard is now unnecessary, there is no oxida- draws film tightly over objects and against board. 
tion or discoloration of stored boards. Any number of boards can 
now be printed and held until ready for use. Costs 
are greatly reduced through the use of un- 


coated, unperforated boards and the 
elimination of inventory and 
waste problems 

If vou would like more information 
on this and other applications for the 
versatile family of ALaTHON polyethylene 
resins, just fill in and send the coupon below. 


*ALATHON is Du Pont’s registered trademark for its polyethylene resins ¢ Finished card shows objects packaged in the tough, 
**MYLAR is Du Pont’s registered trademark for its polyester film sparkling film for O.E.M. Products Co., Chicago, III. 


E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Dept., 
Room 403, Du Pont Building, Wilmington 98, Delaware 
Please send additional property and application data on Du Pont ALATHON 
polyethylene resins for [) skin packaging; [) other applications. I am inter- 
ested in evaluating these materials for—— 
BETTER THINGS FOR BETTER LIVING Position_____ 
THR 


IN CANADA: Du Pont Company of Canada (1956) Limited, P. 0. Box 660, Montreal, Quebec 
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Jam-Packed with Flavor! 


because it’s packed in 


MARLEX 
POLYETHYLENE 
...the tempting tang can’t escape! 


Sterilizable MARLEX 50 tubes are a great 
new development in food packaging! No 
other type of material will do this job so 
well and so economically! Jams, syrups, 
sandwich spreads and other foods and 
drugs, formerly requiring the protection of 
expensive coated polyethylene, can now be 
packaged at less cost in uncoated sterilizable 
thin-wall tubes made of MARLEX 50 resin. 
Products have long shelf life in MARLEX 50 
tubes because permeability is low at all 
temperatures. 


* MARLEX is a trademark for Phillips family of olefin polymers. 


PLASTICS SALES DIVISION, PHILLIPS CHEMICAL COMPANY 
A Subsidiary of Phillips Petroleum Company, Bartlesville, Oklahoma 


DISTRICT OFFICES 


NEW ENGLAND AKRON 

322 Waterman Avenue, 318 Water Street, 
East Providence 14, R. |. Akron 8, Ohio 
GEneva 4-7600 FRanklin 6-4126 


NEW YORK CHICAGO 

80 Broadway, Suite 4300, 111 S. York Street, 
New York 5, N. Y. Elmhurst, Ill 

Digby 4-3480 TErrace 4-6600 


WESTERN 

317 North Lake Ave,, 
Pasadena, Calif. 
RYan 1-0557 


SOUTHERN & FOREIGN 
Adams Building, 

Bartlesville, Oklahoma 
Bartlesville 6600, Ext. 8108 


“Heat'n serve" frozen food packaging 
is one of the most promising applications 
for film extruded from MARLEX 50. Flavor 
is sealed in, and the housewife has no pans 
to wash! 


Ghemicals, foods and drugs that 
would show extensive permeation with con- 
ventional polyethylene now can be econom- 
ically shipped in drums or cartons lined with 
tougher, more impermeable MARLEX 50 
polyethylene. 


Marlex SO food packaging has outstand- 
ing resistance to attack and permeation by 
moisture vapor, gases, chemicals and oils 
Containers made of heat and cold-resistant 
MARLEX 50 can be steam-sterilized prior 
to filling...and frozen afterwards if required 


PHILLIPS CHEMICAL COMPANY 
457F Adams Building, Bartlesville, Oklahoma 


Please send me information on packaging appli- 
cations. | am considering MARLEX for: 


Name: 


Position: 


Firm: 


Street: 


City: State: 
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BIG NEW 32/42 OZ. 


IN CONCEPT 
IN HIGH INJECTION SPEED 
IN FAST CYCLING 


The H-P-M Model 650-HV-32/42 injection machine is the only really modern, 
high-speed machine in its size range. The “32/42” is faster than comparable ma- 
chines on the market today. Reasons: a total of 10742 H.P.; an extremely high in- 
jection speed of 2510 cu. in./min.; exceptionally fast cycling of over 300 cycles per hour. 


All new hydraulic system, with shockless operation, too. 
It's another money-maker added to the most 
comprehensive line of injection machines ever 
offered to the plastics industry. 
Write for Bulletin 5732 or call in 
an H-P-M engineer today. 


And here it is at ERIE RESISTOR 

CORPORATION, Andover Industries Division, 
Andover, Ohio, molding Plexiglas instrument clusters 
for a 1958 automobile—in a two cavity mold. 


SPECIFICATIONS 

Clamp Tonnage - - - += = = = - 650 
Platen Size - - 48"'x48" 
Mold Space (Max.) 

Daylight - - - 
Daylight (Without Ejector Box) - 
Injection Speed (cu./in. per min.) 
Plasticizing Capacity (Ibs. per hr.) 
Horsepower - 
Dry Cycles (per hour) - - - 


THE HYDRAULIC PRESS MFG. COMPANY 


A DIVISION OF KOEHRING COMPANY e MOUNT GILEAD, OHIO, U. S. A. 
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15th ANTEC—New York 1959 


This is our first call for papers for the 15th 
Annual Technical Conference, sponsored jointly by 
the Newark and New York Sections to be held in 
New York at the Hotel Commodore, January 27-30, 
1959. We need your help in assembling a_high- 
quality technical program yielding new information 
of interest and utility to the Plastics Engineer. 

As you well know, the Society of Plastics Engi- 
neers is the leading professional society dedicated 
to the promotion of “. .. the Arts, Sciences and 
Engineering Practices and Standards connected with 
the utilization of plastics.” Only by the presentation 
of a well-rounded program demonstrating new de- 
velopments and advances made in the past year and 
by giving a picture of what the future holds in 
store—can the objectives of SPE and its members 
be attained. 

Your 1959 ANTEC Co-Chairmen, Guy A. Mar- 
tinelli (New York Section) and James T. Growley 
(Newark Section), their Executive Committee and 
Committee Chairmen, are already hard at work 
developing a Conference of lasting interest and 
value to all SPE members. Your participation and 
cooperation will insure the success of the 15th 
Annual Technical Conference in New York. 

Notices will be in the mail shortly to all SPE 
members requesting papers and suggestion for this 
meeting. Please reply to Dr. Alex Sacher, Program 
Chairman 15th ANTECS—New York 1959, ¢/o 
Standard Insulation Company, 74 Paterson Avenue, 
Rutherford, New Jersey. 


INDEX 


TECHNICAL PAPERS 


The Future of Plastics in the Automotive 


Industry—Charles A. Chayne 


A New Breaker Plate for Coloring Polyethylene 


J. E. Simpson 


Methods for Joining Plastics Parts— 


A. J. Cheney and W. E. Ebeling 


Graft Polymerization on Polyethylene 


H, George Hammon 


Dry Blend Extrusion—E, H. Hankey and 


R. D. Sackett 


Epoxy Casting Resins for Electrical Applications 


W. E. Weber 


FEATURE ARTICLES 
Molding Cycles 


“Color Blending” Louis Paggi 


Speaking of Extrusion 


“Extrusion Highlights of the 1958 ANTEC” 
Robert D. Sackett 


Action by Your National Organization 


DEPARTMENTS 


Editor’s Notebook 

News of the Industry 
Plastics Around the World 
Section News 

Classified Ads 
Advertisers’ Index 


| 
| 
| 
ANGE 
|e 
al 
31 
= 
10 
13 1| 
| 
53 
59 
e 
11 
63 
66 | i 
4 
74 
Five 


Where you fit 
into this 


Products of PLASKON Plastics and Resins in this kitchen: 


Nylon — baby bottles, cabinet knobs, food bag 
Urea— electric blender base, radio housing, electrical outlet and switch plate, can opener 
Melamine — dinnerware, washing machine agitator, utensil handles 
Polyester Resins —translucent panels, chair 


1 

me 


IN THIS KITCHEN ARE TWELVE NEW PRODUCTS MADE WITH 
PLASKON MATERIALS...THERE IS ROOM FOR MANY MORE! YOURS? 


Throughout the kitchen at the left are twelve new products produced with PLASKON" 


Plastics or Resins. For example, the washing machine agitator the woman is holding 
is molded of PLASKON Melamine, the chair is PLASKON Polyester, the drawer handles 
are PLASKON Nylon, the radio is PLASKON Urea. 

But this is just the beginning. Bright new products of PLASKON Materials are 
appearing all the time—and not just in the kitchen! 

The diverse line of PLASKON Plastics and Resins offers designers and molders 
unlimited opportunities—for improved versions of existing products or entirely new 
products. No matter what combination of properties you’re looking for, chances are 
you'll find the answer in a PLASKON Material. 

Take a minute and check the properties of the various PLASKON Plastics and 


Resins below: 


Nylon Molding and Extrusion Compounds: High 
strength, impact resistance, abrasion resistance, 
light weight solvent resistance, self-lubrication, 
rapid injection molding and fast extrusion. Liter- 
ally hundreds of new applications, including trans- 
parent films, long-wearing gears, cams, bushings, 
rollers, etc. 


Urea Molding Compound: Ready moldability, 
wide range of colors and good fusibility. When 
molded its hard surface resists cracking, chipping 
and scratching, has good electrical insulation 
properties. Used in housings, buttons, toilet seats, 
wall plates, closures, etc. 


. LEADER IN THE FIELD 


Melamine Molding Compound: Extra hard sur- 
faces that resist scratching, heat, common house- 
hold solvents, oils and greases. Used in colorful, 
virtually unbreakable dinnerware, utensil handles, 
washing machine agitators. 


Polyester Resins: For glass reinforced laminates 
with great strength, light weight, excellent elec- 
trical insulation properties, good dimensional sta- 
bility. Used in boat hulls, decorative panels, 
chair seats, car bodies and parts, etc. 


Molders and end-users alike can avail themselves of 
Pliaskon’s research and design service personnel. 


BARRETT DIVISION, Allied Chemical & Dye 
Corporation, 40 Rector Street, New York 6, N.Y. 
In Canada: The Barrett Co. Ltd., Toronto 8, Ontario. 
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Du Pont Pigments add beauty... practica 


> 
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NATURE’S COLORS ARE RIVALED BY DUPONT PIGMENTS 


The macaw’s myriad colors captured 
with easily dispersed, lightfast Du Pont Pigments 
for your plastics 


You can capture Nature’s most brilliant colors for 
your plastics — create others even the macaw would 
envy—with Du Pont Pigments. In addition to a wide 
range of colors, these pigments give you many im- 
portant sales advantages—properties that help your 
plastics stay brighter longer. 

LIGHTFASTNESS — For example, “Monastral”” and 
“Ramapo” Blues and Greens and Green-Gold are the 
most lightfast of all organic pigments—an especially 
important feature with your pastel-colored plastics. 
BALANCED PROPERTIES — Resistance to bleed, migra- 
tion and crocking are desirable properties in many 
plastics systems. In addition to the ““Monastral” 

Greens and Blues, the Chrome Yellows, Molybdate 
Oranges, “Watchung” Reds and Green-Gold are also 
highly resistant to bleed, migration and crocking, 
and are easily dispersed. 

COLOR STANDARDIZATION — You can rely on close 
color standardization of Du Pont Pigments to sim- 
plify color-matching problems . . . with both color 
and Ti-Pure’ titanium dioxide white pigments. 

Du Pont technical assistance is available to assist 
you in the pigmenting of your plastics. For informa- 
tion, consult your Du Pont Pigments representative 
or write: E. I. du Pont de Nemours & Co. (Inc.), 
Pigments Department, Wilmington 98, Delaware. 


A variety of bright, intense colors, available from the 
Du Pont quality line of pigment colors, are displayed by 
Chrome Yellow, “Monastral”* Blue and Green and 


e ad ° “Watchung” Red used in heat-sealable polyvinyl foam. 


Here are a few of the fine pigments in the Du Pont 
line offering the properties you require: 


Ti-Pure® titanium dioxide Molybdate Oranges C 

Green-Gold — Chrome Yellows Pe 
Durable Organic Yellow Shading Yellow 

Monastral® Blues and Greens “Watchung” Reds 


“Ramapo” Blues and Greens Pyrazolone Reds 


/ 


to fine products everywhere 
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OF A SERIES 


IT “WORKS” 


Advanced sonic testing techniques are used to 
make precision measurements that determine an 


engine's compression ratio. 


To Olds engineers, compression ratio is a direct meas- 
ure of the engine's thermodynamic efficiency ; the higher 
the compression ratio, the more energy utilized from 
the fuel. But with higher compression ratios, engineers 
needed to know whether cylinder heads and combustion 
chambers were accurate during initial engine develop- 
ment. To meet this challenge, Oldsmobile engineers and 
General Motors Research developed a simple, yet ex- 
tremely accurate measuring device commonly called the 


“whistle checker”. 


OLDSMOBILE > 


WHILE IT WHISTLES 


Based on the principle of resonance, the known vol- 
ume of air in the “whistle checker” is placed in reso- 
nance with the unknown volume of air in the combustion 
chamber. A reading of the micrometer adjusting screw 
of the “whistle checker” is easily translated into cubic 
centimeters and is accurate to .2 cc. What is just as im- 
portant. this instrument can tell if there is any loss of 


compression due to leakage past the piston rings. 


In many ways and in many directions the Inquiring 
Mind at Oldsmobiie is constantly probing, constantly 
seeking new and better ways to build the finest automo- 
biles in the industry. Try a “58 Oldsmobile on the road. 
You'll discover the difference for yourself. 


OLDSMOBILE DIVISION, GENERAL MOTORS CORP 


Pioneer in Progressive Engineering 
---Famous tor Quality Manutacturing 
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The Society of 
Plastics Engineers, Inc. 


Incorporated in 1942 under the laws 
of the State of Michigan to promote in 
all lawful ways the Arts, Sciences 
and Engineering Practices and Stand- 
ards connected with the utilization of 
plastics. 


Executive and Business Offices 
34 East Putnam Ave. 
Greenwich, Conn. 


Officers of the Society 
R. K. GOSSETT, President 
FRED SUTRO, JR., Vice-President 
GEORGE W. MARTIN, Secretary 
G. PALMER HUMPHREY, Treasurer 
THOS. A. BISSELL, Executive Secretary 


All correspondence relative to busi- 
ness matters, meetings of the Society, 
membership, advertising and the like, 
should be addressed to the business 
offices listed above. 


Membership in the Society available 
to qualified individuals at $15.00 per 
year, which includes SPE Journal 
subscription. Inquiries should be ad- 
dressed to the business office. 


Members should notify the business 
offices at least 30 days in advance of 
contemplated changes in address. 


Each geographical Section of the So- 
ciety shall use only such uniform 
stationery, forms, ete., as shall be 
approved by the Council and as may 
be supplied through the Executive- 
Secretary of the Society. 


No SPE member shall use or refer 
to the Society by name or abbrevia- 
tion in any advertisement or com- 
mercial exploitation of himself or his 
cmployer or of products which he or 
his employer may manufacture, sell, 
or represent. 


Neither the Society of Plastics Engi- 
neers, Inc., nor the SPE Journal is 
responsible for the views expressed 
by individual contributors either in 
articles accepted for publication in 
the Journal or in technical papers 
presented at meetings of the Society. 
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From the Editor's Notebook 
By Jesse H. Day 


@ This issue completes a job that was begun in 1945, when your 
editor first took over the 4-page SPE News Bulletin. Now, thirteen 
years later the Journal has grown to such an extent that the part- 
time efforts of a single person is not enough. To make future growth 
possible, Charles Rhine will become successor and full-time editor. 


As soon-to-be Editor Emeritus, your editor extends his heartfelt 
gratitude to the many men who gave, and are giving, unselfishly and 
importantly of their time and energies for the SPE Journal—and 
through the Journal to the whole industry. The list is long—over 
100 men at the present—who serve as abstractors of foreign mag- 
azines, book reviewers, section news reporters, feature editors, mem- 
bers of the editorial advisory board and the publications committee. 
It is these men who have made the SPE Journal and the SPE the 
useful organizations that they are. A humble bow and sincere thanks 
to them all! 


Your editor looks both forward and backward with pleasure— 
back over the years with the Journal, and forward to a continued 
but much reduced function with the Journal, and a great deal more 
time to spend on research in that unusual class of compounds, the 


fulvenes. 


@ A new journal which may be of interest to rheologists is “The 
Physics of Fluids”, the first issue being Jan.-Feb. 1958. Publisher is 
the American Institute of Physics, 335 East 45th St., New York 17, 
New York. 


@ One of the finest plastics magazines is Kunststoffe. Since most 
companies spend a good deal of time and money translating the ar- 
ticles from German to English each month, the publishers of Kunst- 
stoffe are pondering the possibility of including substantial English 
translations. They will, if enough subscribers are obtained to cover 
costs, starting with the July 1958 issue. Price will be $32 a year. 
If interested, write to Erich Escales, Kunststoffe, Wiesbaden, Bie- 
brecher Allee 57, Germany. 


15th Annual Technical Conference 


January 27-30, 1959 The Commodore Hotel, New York 


Regional Technical Conferences 
New Developments in Injection Molding Techniques 
April 18 Conrad Hilton Hotel Chicago 


Write for information to John Adams, Eastman Chemical Products, 
Inc., 4200 Dempster St., Skokie, Illinois. 


Plastics in Packaging 
October 1 Statler Hotel Hartford, Connecticut 


Write for information to Blakely McNeill, Fuller Brush Co., 3580 
Main St., Hartford 15, Connecticut. 


Plastics in the Automotive Industry 
September 12. St. Clair Inn Detroit 


Write for information to John D, Young, E. I. duPont de Nemours 
& Co., Inc., 13000 W. Seven Mile Road, Detroit 35, Michigan. 


Epoxies October 21 Upper Midwest 


October 24 Golden Gate 


Electronics 


Building and Construction November 13 Southern California 


May 7, 1959 Pittsburgh 


Plastics in the Metal Industry 
Ele ven 
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WITH “INDUCTOMATIC” 


INDUCTION HEATING 
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THE WORLD’S FIRST AND MOST EFFICIENT 


INDUCTION HEATING SYSTEM 
FOR THERMOPLASTIC EXTRUSION 


(EXCLUSIVE WITH €.P.£.) 
THE ONE HEATING SYSTEM THAT 
GUARANTEES* PRECISE HEAT CONTROL 
MORE RAPID HEATING (1/3 OF CONVENTIONAL) 
HIGHER THERMAL STABILITY -LOW THERMAL INERTIA 
FASTER COOLING—MORE PROTECTION 
LIFETIME MAINTENANCE — FREE UNITS 


LOWER INITIAL COST OF HEAT ZONE —INCLUDING 
SUPPLY AND CONTROL EQUIPMENT 


HERMETICALLY SEALED HEAT ZONES FOR 
OPERATION IN EXPLOSIVE ATMOSPHERE 


DON’T CALL | ARE 
in Testing Thermoplastic Extruding Machi 
“Inductomatic” induction heated extruders have been in 


_ eperation for over two years. Tested and approved through actual operating 


‘ _ conditions by many enthusiastic users. They are no longer in the test 


duce Low Frequency Induction Heated Extrusion Machines to the indusry. 


th 


for our 


DIVISION OF NATIONAL AUTOMOTIVE FIBRES, INC. 


930 North Parker Street, Orange, California * Telephone KEllogg 8-8818 
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Write Today... 


For D-M-E’s 170 Page 


CATALOG 


of 


STANDARD 
MOLD BASES 


and 


MOLDMAKERS’ 


SUPPLIES 


WIDEST RANGE OF STANDARD SIZES 


MASTER LAYOUTS SAVE YOU TIME 


COMPLETE CATALOG SPECIFICATIONS 


EXACT PRICING INFORMATION 


You Save on MOLD OPERATION 


LONGER MOLD LIFE 
REPLACEMENT PARTS IN STOCK 


PRECISION CONSTRUCTION GIVES 


FITS MORE MOLDING MACHINES 


DETROIT MOLD ENGINEERING CO. 


SAVE MORE TIME AND MONEY 


DME STANDARD MOLD BASES 
You Save on MOLD DESIGNING 


You Save on MOLD CONSTRUCTION 


— 


ALL PLATES GROUND FLAT AND SQUARE 
FAST SERVICE FROM LOCAL BRANCH 

SAVES VALUABLE TIME FOR CAVITY WORK 
ALL PARTS INTERCHANGEABLE 


-- - 
AND START SAVING NOW! 


31 STANDARD SIZES — UP TO 23 3/4” x 35 1/2” 
MANY SIZES IN STOCK AT 7 BRANCHES 


6686 E. McNICHOLS ROAD — DETROIT 12, MICHIGAN — TWinbrook 11-1300 


Contact Your Nearest Branch FOR FASTER DELIVERIES' 


2700 S. WAIN ST. 


LOS ANGELES, CAL. 


1217 CENTRAL AVE. $901 W. DIVISION ST 


HILLSIDE, N. J. CHICAGO, ILL. 


502 BROOKPARK RO 558 LEO STREET 


D-M-E CORP. DAYTON, 0. 


D-M-E OF CANADA - 156 worscwanave.- TORONTO, ONT. 
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The unbranched, long chain 
molecules of Fortiflex 
increase heat resistance to 


TORTURE CHAMBER 
FOR MOST 
PLASTICS — above the boiling point 
of water! 


PLASTIC 


SHAPE-HOLDING 
RIGIDITY 


Higher density Fortiflex 
gives housewares greater 
structural strength. 


BEAUTIFUL 
SURFACE 
LUSTRE 


ARCH...... 
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“Controlled Polymerization” A CAREFREE The molecules of Fortiflex YOU WOULDN'T _ In boiling water or in freezer 


gives Fortiflex its smooth, PLASTIC pack closely in linear TRY THIS WITH °O™Partments, Fortiflex is 

lustrous surface. The waxy formation . . . give Fortiflex virtually unaffected by 1 
feeling has been an unsurpassed combination OTHER PLASTICS temperature variations. tat 
scientifically eliminated. of rigidity and toughness. | 


Two years ago there was no plastic for housewares like Fortiflex! That’s because Fortiflex is the Fe 
product of a recent and exciting breakthrough in polymer research—called “controlled polymerization.”” This method of oth 


molecule building produces a material that is far superior in toughness, in heat resistance, in stiffness, and 
in surface lustre. The pictures on this page demonstrate how Fortiflex, the latest in scientific plastics research, 
offers the housewares industry new opportunities for vastly improved products and greater design versatility. 
Celanese Corporation of America, Plastics Division, 744 Broad Street, Newark 2, N. J. 
Canadian Affiliate: Canadian Chemical Co., Limited, Montreal, Toronto, Vancouver. 


Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, N. Y. 16. 
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Housewares created in Fortiflex now available from these and other leading manufacturers 


DAPOL PLASTICS, INC. 53 Northboro, Worcester, Mass. REPUBLIC MOLDING CORP. 6467 N. Avondale Ave., Chicago, lil. 
IDEALWARE, INC. 200 Fifth Avenue, New York UNITED PLASTIC CORP. 17 Simonds Rd., Fitchburg, Mass. 


THERM-O-PLASTIC PRODUCTS, INC. North Main St., Urbana, Ohio IDEAL PRODUCTS CO. 1117 Douglas Ave., Providence, R. 1. 


TABLECRAFT PRODUCTS CO. 469 E. Ohio St., Chicago, Ill. 


. a distinguished collection of contemporary plastic housewares . . . incorporating the newest in 


functional and esthetic design. For more information, communicate directly with the individual manufacturers listed above. 


Fortiflex...a Plastic 


Celanese®) Fortiflex® 
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THEVPRODEX EXTR 


EASY TQ” OPERATE 


FEEO 
VENT VALVE 
The combination of a TWO-STAGE REAR SCREW FRONT SCREW 
extrusion screw with VENT and 
VALVE gives these advantages: — 


% HIGH OUTPUT. The rear screw determines the high output rate of this machine because it is 
not subjected to die back pressure. Easy valve adjustment permits the same output rate (Ibs./hour) 
for a wide range of die openings. 


CLOSE TOLERANCES. Since the front screw is fed a hot melt of uniform viscosity, a 
constant pumping pressure is easily maintained by valving, resulting in close tolerances. 


NO POROSITY. Venting with or without vacuum continuously extracts air, moisture, monomer 
and other volatiles. High volatile content can be readily removed. 


BETTER DISPERSION. Two stage extrusion with intermediate relaxation and reorien- 
tation provides high intensity mixing. Valving permits controlled mixing in front screw. 


% DRY COLORING. Dry colored compounds are directly extruded into shapes and sheets on 
PRODEX vented extruders. 


* * 


PRODEX Vented Extruders are used success- extrusion from vinyl dryblend as well as in a wide 
fully in sheet and shape extrusion of H.I. Styrene, variety of process applications where monomer, 
ABS polymers and methyl-methacrylate without solvents or moisture must be removed in large 
pre-drying; wire and cable coating and shape quantities. 


No matter what thermoplastic material you now use, the PRODEX extruder will help you get 
better results. Arrange for a production-line demonstration today with your material. 


50 PAGE ILLUSTRATED BULLETIN E-3 Package installations for sheet, film, pipe, wire and cable, 
gives complete details 
about PRODEX EXTRUDERS. 


continuous compounding and laminating. PRODEX extruders 
are available in 1%", 2%", 6" and 8" sizes. 


PRODEX CORPORATION 


-FORDS, NEW JERSEY Hillcrest 2-2800 


Manufacturers 


IN CANADA: Barnett J. Danson Atioci es, td. Road Te nto 12 
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TWO LEADERS 


ercules Offers 


FDA acceptance for direct contact with 
food—approved by National Sanitation 
Foundation for piping of potable water— 
outstanding resistance to abrasion, 
grease, staining and low temperatures. 


From years of Hercules research in the develop- 
ment of organometallic catalysis systems have come the 
two new polyolefins that are the talk of the plastics 
industry — Hi-fax high-density polyethylene and Pro- 
fax polypropylene. 

The broad combination of properties of these 
two materials makes available a perfect team that is 
almost certain to meet your requirements. Already well 
established, Hi-fax is now being used in such applica- 
tions as toys, packaging, fabrics, wire coatings, pipe, and 


HERCULES 
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Lightest of all plastics—hard and 
lustrous surface finish—resists 
deformation at 300° F.—rigidity—high 
impact strength—easy to mold—broad 
range of rich colors. 


wherever the unusual characteristics of high-density 
polyethylene result in a superior end product. 

Now Hi-fax is complemented by Pro-fax, Amer- 
ica’s first polypropylene. This amazing new material will 
greatly broaden the markets for plastics, especially those 
now served by wood, metal, and glass. 

Why not learn more about these two pace-setting 
plastics? For detailed information on properties and 
uses, call or write Hercules. 


Cellulose Products Department 
HERCULES POWDER COMPANY 


900 Market Street, Wilmington 99, Delaware 
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Plastic Keys Conduct an Orchestra of Light 


One operator can play infinite variations in stage-lighting 
effects on the plastic “keys” of the Lumitron Lighting Con- 
trol System. Contro] handles and slide bars are molded of 
BEETLE” urea plastic, an excellent dielectric which requires 


‘‘Five-in-One” Counter-Top Appliance 
Features CYMEL® Plastic Accessories 


The new multipurpose NuTone Food Center operates a 
mixer, blender, meat grinder, knife sharpener and fruit 
juicer from one motor that can be set flush in a counter top 
Counter clutter, tangles of electric cords and heavy separate 
appliances are eliminated. A gleaming white 3%-quart bowl 
made of CYMEL melamine molding compound serves the 
mixer and juicer. CYMEL makes the bowl lightweight, dent- 
proof and easy to handle. The bowl is molded for NuTone, 
Inc., by Prolon Plastics Division of Prophylactic Brush Co. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 


32D Rockefeller Plaza, New York 20,N. Y. 


In Conoda: North American Cyanamid Limited, Toronto and Montreal 


no insulation. Permanent, molded-in colors permit quick 
circuit identification. Developed by Metropolitan Electric 
Manufacturing Company, the Lumitron has an excellent 
record of performance. 


New Insulated Beverage Set Joins 
Growing List of Boilable CYMAC® Housewares 


Suitable equally for hot or cold beverages, these new double- 
shelled Thermo-Serve tumblers and pitchers are molded of 
CyMAC 201 methylstyrene, Cyanamid’s new heat-resistant 
thermoplastic. This CYMAC ware resists staining by fruit 
acids, coffee and other beverages, and can be washed in 
boiling hot water, even in automatic dishwashers, without 
cracking or warping. All parts are injection-molded by 
NFC Engineering Company and sealed together under heat. 


— CYANANID 


Offices in: Boston * Chorlotte * Chicago * Cincinnati * Cleveland » Dallas * Detroit 


Los Angeles * New York * Oakland © Philadelphia «+ St. Lovis * Seattle 


| 
| 
Bea 
Kae 
‘ 


GERING--FIRST CHOICE FOR QUALITY MOLDING COMPOUNDS 
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Note the uniform dust-free pellets 
used in this illustration. They typify 
eS the quality you can expect in Gering 
reprocessed molding compounds. 


fl 
U 
d 


Worth Getting, Worth Guarding 


wih GERING REPROCESSED THERMOPLASTIC MOLDING COMPOUNDS 


@ Polyethylene © Vinyl © Styrene @ Acetate e Nylon Acrylics e Styrene Copolymers e Butyrate 


There'll be savings by the truckload — for you! Gering 
reprocessed thermoplastic molding materials mean 
reduced costs, but not reduced quality. Fact is, molders 
who are quality-conscious point with pride to the end- 
products made with these compounds. You will, too. Now, 
with any given blend, you're absolutely sure of a top- 
quality molding compound — perfectly matched from 
first pellet to last. That’s always so with Gering’s up-to- 
date equipment, modern facilities and exacting system 
of quality controls. 

For over 30 years, a continuous policy of individualized 
attention to customer needs has earned Gering its 
nationwide reputation for top-notch service. 


Special offerings of high quality reprocessed thermo- 
plastics are announced periodically through a new bulle- 
tin service. We'll be glad to send these money-saving 
notices to you. Just write us on your company letterhead. 


GERING 


Gering Products, Inc., Kenilworth, NJ. 
Sales Offices: 5143 Diversey Ave., Chicago 339, Ill. 
424 Chevy Chase Rd., Mansfield, Ohio 
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New Link Simulator Cockpit For Douglas Jetliner Built Economically 


vin POLYLITE RESIN 


Realistic surroundings help train air crews for tomorrow's 
jet transports. It is vital that conditions encountered in 
actual flight be simulated closely on the ground. 

Even the exterior appearance of the training model 
should be lifelike. And the Link Aeronautical Corporation 
of Endicott, N. Y., which builds the cockpit for Link 
Aviation, Inc. in Binghamton, N. Y., has found that rein- 
forced plastic construction utilizing RCI PoLy ite poly- 
ester resin now makes it possible to duplicate every out- 
side detail accurately and economically. 

Mr. Felix Aimonetti, Vice President and General Man- 
ager of Link Aeronautical states: “The use of PoLyLite 
polyester resin as a laminating agent helps make this 
Douglas DC-8 training cockpit a rigid, durable, realistic 
structure, with a surface that resists corrosion and is 
easily painted, Our experience with PoLYLITE resin has 


continued to impress us with the high quality of laminat- 
ing it performs.” 

If you think that RCI Poy ire polyester resin can be 
incorporated in one of your products and wish informa- 
tion about its use in laminating, molding and other rein- 
forced plastic applications, write for free Booklet B. 


Creative = 
Chemistry... 
Your Partner 
in Progress 
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would like to suggest a few applications that could 
be most helpful to the industry to encourage some 
thought and offer you challenge. There is so much yet t 
be done in the area of adhesives. It would be so helpful if 
metal trim parts could be cemented to the car to replace 
the wide variety of fastening clips and accurate hole cut- 
ting in body panels. Body solders are expensive. Smear-on 
plastic materials equally as good, less expensive, and 
lighter in weight are yet to be developed. Protective coat- 
ings for exterior bright parts subject to the corrosive 
conditions of street salt, ete. that are non-dulling, long- 
lasting and hard surfaced could have important applica 
tion. The large and compounded curved glass windows it 
today’s automobile present serious handling problems in 
production and costly replacement in the field. Rubber oi 


seals present some problem today as a result of the oil 
industry’s constant improvement in oil by the addition 
of new additives. Plastic fuel lines would have great value 
in the industry. 


New Qualities Sought 

We have yet to control metallic flake in producing 
plastic parts with metallic appearance. 

An ultimate to look forward to would be to combine 
the strength of thermosetting plastics with the process 
ability of thermo-plastic. 

Upholstery fabricates may some day completely elimi- 
nate the need of seat covers. Plastic upholstery fabrics 
whose edges can be easily heat sealed effectively and 
economically have a place in the future of the automobile. 
Thermo-setting plastic laminates and printed circuitry 
offer so much promise. In general terms, the car manu- 
facturers are seeking plastics with higher strength, better 
cold-flow properties and lower cost. Speaking of my own 
organization, the GM engineering departments are con- 


Excerpts from the talk presented before a luncheon meeting of the 


SPE at the l4th Antec 
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of Plastics 
In the Automotive Industry 


Charles A. 


Vice President in C] arge of Engineering Staff 


Chayne 


General Motor Corporation 


stantly trying to save money but not at the expense of 
quality. In many cases, money is spent to eliminate nuis- 
ances and to give our customers more quality even in 
small and relatively unimportant places. The use of nylon 
for our dome lamp lenses is a good example. Here is a 
case where less expensive plastics are known to darken 
with age from the heat of the lamp. 

Many excellent plastics fail in one very important 
property—they change with age and exposure to sun and 


other climatie conditions. 


Big Future 


Yes, I think we would all agree that there is a big 


future for plastics in the form of products for the auto- 
mobile industry. Future expansion of the use of plastics 
in automotive applications will depend not only on the 
new materials yet to be developed, but also on the intelli- 


gent use of the materials available t day. The plastic in- 


dustry can assist best by continuing the development of 
its relationship with the automotive industry so that all 
the facts about its products can be properly evaluated and 


in the most intelligent manner possible. 

So far remarks have primarily centered on product. 
There is another area in the automotive industry where 
plastics are beginning to play a very important rele, The 
relatively new application of plastics as tooling material 
has found widespread and successful application within 
General Motors. This field has and will continue to con- 
tribute substantially to an overal] reduction in the cost of 
tooling. 

The value of the use of plastics for tooling is evi- 
denced by faster tool fabrication, lower tool costs, lighter 
weight tools, and easier modification of tools which become 
involved in engineering changes. 

Complete tooling programs in plastie can be completed 
in one-third to one-half the time required to produce an 
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identical program of conventional tooling. Many forming 
dies can be made with plastic in a matter of days, in con- 
trast to weeks and months required to produce their con- 
ventional counterparts. Of importance, too, is the fact 
that spotting is eliminated when dies are made from 
plastic. No machining is required on a plastic die and 
intricate contours which heretofore required extensive 
machining are duplicated with ease. 


Cost Savings 

As previously stated, reduced fabrication time is only 
one of the major advantages plastics, as tooling material, 
have in their favor. Cost savings resulting from the sim- 
plification of production operations and lower initial in- 
vestment are of equal importance. 

Plastic tools, as such, retain the inherently advan- 
tageous characteristics of the materials of which they are 
made. They are light in weight, dimensionally stable, 
accurate and durable, In every respect, a model oer Keller 
master made from plastic is much better than the original 
wood or plaster type. 

Additional advantages of prime importance with re- 
spect to plastic tooling are reflected in initial tool and die 
tryout and the ease with which modifications demanded 
of design changes are made. A plastic tool can be put into 
production well ahead of a permanent steel tool. This, of 
course, facilitates early production of parts and adequate 
time to check for design errors. Spring back in metal and 
blank size can be readily determined. And of tremendous 
importance, too, is the fact that experimental and proto- 
type parts can be economically developed. 


Rubber and Plastics Committee 

Plastics have been given a definite degree of import- 
ance in the General Motors organization. In fact, if you 
will recall, a General Motors Research Staff man was your 
society's first president, Bill Phillips. We have a rubber 
and plastics committee which meets regularly and affords 
an opportunity for people within General Motors to ex- 
change information and experience on the varied applica- 
tions of plastics among our several divisions. This com- 
mittee now confers with your research people to create a 
better understanding of each other’s products, 

In this area it also serves as an excellent medium for 
the presentation and introduction of new plastic materials 
and products by your industry to our organization. 

Our production standards books keep up to date the 
latest specifications, design data, and recommended ap- 
plications for the many plastics both from a product and 
tooling standpoint. These books are, of course, used by all 
of our divisions. 

Our Research Staff has for years analyzed each new 
development of your industry for all of our divisions as 
to possible applications to our own products. Naturally 
we believe everything your sales people tell us—particular- 
ly after we have thoroughly checked it ourselves. Our Re- 
search Staff is also creating new plastic materials specific- 
ally adapted to our own products wherever the need is 
felt and is not being satisfied by your industry. 

Our Process Development Staff has recently set up a 
shop dealing with the application of plastics from a tooling 
standpoint. This activity does development work on formu- 
lations and procedures and assists the various divisions of 
the Corporation with their plastic tooling problems, Cur- 
rently the important phases of plastic tooling under study 
by this activity are: (1) Materials that will resist dis- 
tortion at temperatures in excess of 500°F., (2) pressure 
fabrication techniques necessary to produce tools of su- 
perior quality, (3) metal faced plastic tools for increased 
productive life, (4) compounding epoxy resin alloys with 
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other resins and plastics to improve properties, and (5) 
high strength and low cost plastic materials for casting 
dies. Cost of the latter is expected to be less than ten 
cents a pound, 

Some of the areas in which GM Divisions have success- 
fully adapted tools made of plastics are: Plastic forming 
and drawing dies to fabricate stainless steel up to .080, all 
plastic hydroform punches which operate at 13,000 psi, 
drill fixtures and templates, models and Keller blocks, and 
machine, checking, and assembly fixtures, 

Recently our Fisher Body Division completed in less 
than a week a draw die in plastic for forming a body 
underpan for a prototype model where previously several 
weeks’ work would be involved at considerably greater 
expense. 

The use of plastics as tooling material is an establish- 
ed reality. The constant search for new materials and new 
applications is destined to become an entirely new era with 
respect to production tooling. 


Use Will Increase 

General Motors believes that the use and value of 
plastic tooling will increase with developments which will 
contribute to faster fabrication, lower cost, reduced weight, 
and increased ease of modification. In addition, improved 
materials and methods are certain to add to their popu- 
larity. 

The future of plastic tooling is bright. The continued 
advancement in this fascinating field offers a challenge 
to development-conscious plastic engineers and the in- 
quisitive minds of tool engineers. 

I have already suggested applications from a product 
standpoint that your industry might consider. Several 
restrictions presently retard the use of plastic tooling as 
au substitute for conventional tooling. Its value in tooling 
will be unlimited if its use can be improved and expanded 
to include long production runs. 

Materials consisting of better wear characteristics 
and better resistance to heat must either be found or de- 
veloped. Better fabrication techniques which will enhance 
physical strength will have to be developed. 

Finally, the cost of new materials must be reduced. 
Is it not possible to consider for the future a low cost, 
high strength, heat resistant plastic which could be poured 
into a mold to produce a die whose qualities would ap- 
proach those of a steel die? Such a material would be of 
immense value to the automobile industry. 


Injection Mold Dies 

A low cost material impervious to heat but a good 
heat conductor that could be cast to make injection mold 
dies for producing parts would also be of immense value. 

Your industry faces a great challenge to expand the 
widely accepted plastic tooling so advantageous to short 
runs, into an even more fruitful facility for high pro- 
duction. 

Is there reason to question the future of plastics in 
the automotive industry? Based on your past and present 
performance, there certainly is not. Plastics have a future 
in every phase of all industries. 

The automotive industry, as you well know, is a highly 
competitive industry geared to produce in quantity a prod- 
uct continuously improved in appearance, safety, feature 
and performance whereby each new model will create a 
desire in its customers to replace their present models. 

All industry has common objectives with relation to 
the future. All industry is faced with the challenge to 
insure continued economic progress of our country and to 
safeguard its very existence. x* 
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The Venturi Breaker Plate 


The term “dry coloring’ commonly de- 
scribes the process of in-plant coloring used 
by injection molders. Pigments, or color- 
ants, in the dry powdered state, are blended 
with resins. 


(pra to the appearance of high-melt index, low-den- 


sity polyethylene and high-density polyethylene, in- 
jection molders had little dry-coloring difficulty. But as 
these new resins appeared in the field, it became immedi- 
ately apparent that they could not be satisfactorily colored 
unless the polyethylene pigments or dispersing methods 
then in use were improved. 

Certain improvements have been made in pigment for- 
mulations but this has not been the whole answer. As a 
further aid, resin suppliers have conducted extensive lab- 
oratory and field experiments. Their findings introduced 
systems of dispersion aids and molding techniques which 
improved the dispersion of pigments in their individual 
polyethylene resins. 

Some molding shops, working closely with color and 
resin suppliers, have been able to solve dispersion prob- 
lems. However, the results have not been uniform 
throughout the field. The need still exists for a simple 
dispersion technique that may be employed inexpensively 
by all molders. 


This pape s a revised and extended version of the paper pre- 
sented at the Fourteenth SPE Technical Conference 


J. E. Simpson 
Ferro Corp., Color Division 


Cleveland, Ohio 


This blend is transferred to the hopper 
of the injection molding machine and pro- | 
cessed in the same manner as precolored 
material. The molder’s aim is to produce a 
colored part of the highest quality. 


Conventional Dispersion Aids 

The term conventional is perhaps a misnomer. Ac- 
tually there is no conventional dispersion aid for all poly- 
ethylene resins. 

Some of the types in use are: 

(1) Cireular Disk with Straight-Through Holes: The 
number, diameter, land length and position of 
these holes all appear to be critical factors in the 
success of this disk. 

(2) Cireular Disk with Small Holes Leading to Lar- 
ger Holes: The same variables exist here as 
with Type (1). 

(3) Pineapple Nozzle Insert 

(4) Ball Bearings Inserted in Nozzle 

(5) Sereen Packs 

There are other techniques and variations of each. 

The relatively long list of dispersion methods stems from 
the fact that no one type has yet proved capable of work- 
ing in all of the different polyethylene resins now in use. 

Types (1) and (2) mentioned above have, in our ex- 

perence, met with more success than have the others. 
Mixing is induced because the molten mix is forced through 
restricted channels of varying land lengths and diameters. 
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addition to studying Venturi 


Purpose 

The prime objective of this study was to develop a 
technique which would enable any injection molder to 
dry color any polyethylene resin with good results. 

Early in the program it became apparent that quality 
of dispersion could be improved through the proper selec- 
tion of the pigment and pigment concentration. 

A new type of breaker plate, referred to as the “Ven- 
turi Plate”, has been developed and has undergone labor- 
atory and field evaluation. (See Title Figure) 

With the development and perfection of the Venturi 
Plate an attempt is being made to: 

(1) Develop a dispersion aid simple in design. 

(2) Determine, through experimentation, the opti- 
mum values for the variables involved so that 
the molders might use the plate with a mini- 
mum of “trial and error”. 

(3) Develop a dispersion aid that will color with a 
minimum pressure loss. This is of principal 
importance where machines are operating at 
capacity. 

(4) Publicize this development and make either the 
plans of the Venturi Plate or the plates them- 
selves available to all molders. 


Simplicity of Venturi Plate Design 

The Venturi Plate is basically an advanced simplified 
version of the common breaker plates now in use. It 
carries a single orifice of very short land length. 


Determining the Critical Variables 

To determine the most efficient dimensions, the prac- 
ticality of the Venturi Plate for production coloring, and 
the quality of coloring, two distinct test programs have 
been conducted, 

Field tests were run to evaluate the new breaker 
plate in terms of production coloring and better dispersion. 

Laboratory tests were run to get more data on these 
two aspects, but chiefly to determine if molding pressure 
loss would be too extreme. 


Field Tests: 
The first field tests were made in a six-ounce machine 

molding a one-ounce part. The part was a tumbler. The 
mold was center gated. Many representative grades of 
polyethylene resins were used; 

(1) low-density, low-melt index. 

(2) low-density, high-melt index. 

(3) intermediate density. 

(4) high-density, low-melt index. 

(5) high-density, high-melt index. 

All of these materials were dry colored with ease 
when using the Venturi Plate. The machine was not p- 
erating at its capacity and therefore, accurate pressure- 
loss data could not be obtained. It was not necessary to 
make any radical cycle changes during this test. The only 
changes were those needed to run the different density 
and melt index materials. 

This first test proved that the Venturi Plate made 
dry coloring easy regardless of material used . . . but did 
not prove that it was usable for larger parts. Nor did 
this test provide any data on molding pressure loss, of 
prime importance, in a great many cases. 

The second field evaluation was conducted molding a 
small waste basket (130 grams) with a 24 melt-index ma- 
terial. The molder was obtaining good dispersion using 
a system of his own development and through the use of 
good polyethylene pigments. Here it was decided that in 
Plate performance, an at- 
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tempt would be made to determine how dispersion was af- 
fected by adding small percentages of low-molecular- 
weight polyethylene. 

Venturi Plates with three different hole sizes were 
compared to the dispersion plate being used by the mold- 
er. All Venturi Plates had a short land length, 0.040 inch. 

Mixtures containing 0%, 2%, and 4% of low-molecu- 
lar-weight polyethylene were used. The results are tabu- 
lated in Table I. 

Again, in this second field trial, the machine was not 
operating at its capacity, however, very interesting data 
was derived. 

It was also interesting to note that by merely increas- 
ing the amount of low-molecular-weight polyethylene from 
2 to 4%, the quality of dispersion was increased from fair 
to excellent when using the molder’s breaker plate. 

The third field trial was conducted using high-pres- 
sure high-melt index polyethylene. 

The molder was obtaining fair to good dispersion us- 
ing a breaker plate developed jointly with his resin sup- 
plier. 

A Venturi Plate with an orifice diameter of 0.052 
inch was tried and dispersion results were comparable 
to the production runs. The orifice diameter was reduced 
to 0.050 inch. Dispersion results were immediately im- 
proved. It was necessary, however, to increase molding 
pressure slightly 

It was felt that a slightly larger hole... perhaps 0.043 
inch in diameter... would lower the pressure loss without 
affecting the very good dispersion results. The molder, 
however, continued to use the Venturi Plate with the 
0.040 inch orifice. 

The field tests indicated that the Venturi Plate was 
practical for production dry coloring. It was necessary to 
determine if the molding pressure lost by using a Venturi 
Plate with a small orifice diameter was excessive or not. 
A series of laboratory tests were conducted to evaluate 
this and also color dispersion. 


Laboratory Tests: 

The first evaluation involved low-density high-melt 
index polyethylene. Six Venturi Plates were evaluated. 
Four were in a series having a constant orifice diameter, 
but varying in land lengths. The remaining two were 
random checks. The purpose of this series of tests was 
to relate color dispersion and molding pressure loss to 
land length and orifice diameter. Pigment concentration 
was also studied. 


Table | 


Second Field Evaluation 
24 Melt Index, High Pressure Polyethylene 


98% POLYETHY' 96% POLYETHYLENE 
100% 2% LMWw * 4% L_MW* 
LATE POLYETHYLENE | poweTrHyLENE | POLYETHYLENE 
FAIR EXCELLENT 
PLATE | DISPERSION DIS PERSION 
VENTURI POORFILL, | 
PLATE TOO MUCH | ~= 
.043 ORIFICE RESTRICTION i 
4 
VERY GOOD EXCELLENT >< | 
VENTURI | | 
PLATE POOR > > 
ORIFICE | DISPERSION | 


LEGEND - 
* LOW MOLECULAR WEIGHT 
* NOT CHECKED 
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A six-ounce injection molding machine was used. A 
quart container mold was used to measure injection pres- 
sures. A 3/16” 
molding index (see Modern Plastics, “Spiral Flow Mold- 
ing,” L. Griffith, August, 1957). 


spiral mold was used to determine the 


The material used was low-density (.926) polyethylene 


index of approximately 20. Two pigment 


. Turquoise and yellow at 


with a melt 
blends were used 
The majority of evaluations were made with 


two con- 
centrations. 


the yellow pigment at a 0.5% concentration. 


The molding index test with the spiral mold was per- 
formed at temperatures of 350°F and 450°F. The num- 
ber of inches of flow along the spiral mold was determin- 
ed. The only variable vas the Venturi Plate land length. 
The The standard refer- 
ence Plate. The tabulation 
and graph of results is shown in Figure 1. The graph 
of results shows clearly that as the land length of the ori- 
fice is decreased... keeping the orifice diameter constant 
...the molding index approaches that of the no-plate 
condition. The slopes of the curves are the same for both 
temperature runs, 


constant. 
Venturi 


diameter 
molded with no 


orifice was 


was 


The minimum molding pressure necessary to obtain 
a satisfactory quart container without a Venturi Plate in 
the nozzle was used as the standard reference for deter- 
mining injection pressure loss. The molding pressure nec- 
essary to get a properly filled mold using different Ven- 
turi Plates in the nozzle was determined. These pressures 
compared to the standard, no-plate pressure are shown 
in Figure 2. 

The curves of the results, Figure 2, illustrate graph- 
ically the degree to which molding pressures decrease as 
land length of the Venturi Plate is decreased keeping ori- 
fice diameter constant. (Curve I, Figure 2) 

Curve II illustrates the degree to which molding 
pressures can be decreased by increasing orifice diame- 
ters from merely 0.030 inch to 0.050 inch. 


Various random checks with Venturi Plates were 
made in which yellow pigments were increased from 0.5% 
to 1.0% and turquoise pigments at 0.5% and 1.0% con- 


The results of this test indicated that orifice 
Quantity and 
Increasing land 


centrations. 
size is the prime factor in color dispersion. 
type of pigment also affected dispersion. 
length merely increased the pressure loss and did not af- 
fect dispersion. 

Figure 3 is a picture of three representative quart 
containers molded for this test. This picture illustrates 
the degree that color dispersion was improved by using 
the Venturi Plate with .030 inch diameter orifice and .040 
inch land (compare containers 1 and 2). A comparison 
of containers 2 and 3 illustrates the small degree of dis- 
persing efficiency lost by increasing the orifice diameter 
from .030 inch to .050 inch. This increase in diameter of 
only .020 inch enabled the molding pressure to be lowered 
substantially, however. 


Additional dispersion tests were made on linear poly- 
ethylene. Nine Venturi Plates of varying land lengths 
and diameters were evaluated. 


An eight-ounce injection molding machine was used. 
The mold was a 3” x 4” x 2” box. The material was lin- 
ear polyethylene with a melt index of 5 and density of 
0.955. 
used in the previous experiment. 
molding ease with Venturi Plates installed were compared 
to results obtained with no plate installed. 


Pigmentation was .5% of the same type of yellow 
Again dispersion and 
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Figure 1. Molding Index (Spiral Mold). 
(orifice diameter 0.030) 
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Figure 2. Molding Pressure for the Quart Mold. 
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Figure 3. 
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Figure 4. Dispersion Evaluation of Venturi Plates for 

Linear Polyethylene. 
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Because only minimum injection pressure was requir- 
ed to fill the mold, it was necessary to use minimum mold- 
ing temperature as the control variable. It was found 
that the molding temperature was critical. 

The minimum molding temperature for 100% mold 
fill was recorded for each of the Venturi Plates and for 
the no-plate run. A comparison of these temperatures 
gives a relative comparison of the resistance to flow, set 
up by the Venturi Plates. The results are presented in 
Figure 4. A visual comparison of all pieces made using 
a Venturi Plate, shows very little difference in the quality 
of coloring. Figure 5 is a comparison of two contain- 
ers molded with Venturi Plates and one molded with no 
Venturi Plate. As can be seen there is very little differ- 
ence between the dispersion quality obtained by using a 
.040 inch orifice and that obtained by increasing the orifice 
diameter to .080 inch. 

Varying the land lengths, while keeping the diameters 
constant, did not appear to have any effect on quality of 
color dispersion. But in each case of longer land length 
with the same diameter, higher molding temperatures were 
required and flow resistance increased. 

The smaller diameters did slightly increase the color 
dispersion of the linear polyethylene and color mix. 


Conclusions 

From these tests, the following conclusions can be 
drawn: 

Orifice Diameters 

The size of the orifice is critical with all polyethyl- 
enes. It is very critical with high-melt index polyethyl- 
ene, however the diameter does not seem to be as critical 
with low-melt index and linear polyethylene. 

With high pressure, high melt-index polyethylene in- 
creasing the diameter slightly decreases the quality of 
dispersion...from excellent to good. With the linear 
polyethylenes, changing diameters below 0.070 inch ap- 
pears to have little effect on dispersion. 

Decreasing diameters produces better color disper- 
sion, but necessitates the use of higher molding pressures 
or temperatures or both. Optimum orifice diameters can 
be determined from all melt index, shot size, resin density 
conditions. A chart of suggested orifice diameters has 
been compiled for all conditions. A range of orifice di- 
ameters is suggested for each condition. This chart is 
presented in Figure 6. 
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Figure 5. Comparison of Container Molded with Dif- 
ferent Plates. 
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Figure 6. 
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Land Length 

Land length affects only molding temperatures and 
pressures. Longer land length of an orifice of a given 
diameter requires higher cylinder temperatures or mold- 
ing pressures. 

The test data indicates that the Venturi Plate will 
eliminate many of the problems of dry coloring polyeth- 
ylene resins. The Venturi Plate is simple in design and 
easy to install. Quality of dispersion is very high. Pres- 
sure losses are relatively low. *® *® 
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Methods for 
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The proper selection of a joining tech- 
nique for a specific application depends upon 
a broad knowledge of the many available 
methods and of the properties required of 
the final assembly. The following report cov- 
ers four such methods applicable to joining 
plastics. They have been chosen for their 
potential as commercial techniques and 
because there has been a lack of good 
technical information available on them. 


CR IVETING WITH CHEMICALLY EXPANDED 
rivets is a fabricating technique just as useful 
for joining plastics as it has been found to be for light 
metal construction. Chemically expanded rivets may be 
used as directed for metals with most, and at least parti- 
ally with all, of the plastics tested. A knowledge of re- 
lated techniques and applications may suggest design in- 
novations formerly limited by inadequate or overly ex- 
pensive assembly methods. 


Procedure 

Industrial blind expansion rivets are fast-acting, one 
piece fasteners similar in function to ordinary solid ri- 
vets, but especially adaptable in blind riveting and in hard- 
to-reach fastening jobs. One person working from the 
head side of the rivet can easily install these high-speed 
fasteners in two simple steps: 

1. The rivet is placed in a previously drilled, punch- 

ed, or molded hole. 

. The heated tip of an inexpensive riveting iron (01 
an approved soldering iron) is applied to the rivet 
head. In as little as one-half second the charge 
changes to a gas, expanding the shank to fill the 
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1. Blind Riveting 

2. Press Fitting 

3. Induction Welding 

4. Spin Welding 

These techniques offer economies in as- 
sembly operations to both the processor and 
end-user. To the engineer and designer they 
offer a new approach to old problems and 
opportunities for new applications of his 
product that were formerly limited by 
inadequate production methods. 


hole completely. When expanded, the shank of the 
rivet forms a barrel-shaped head on the opposite 
side of the work to lock it permanently and 
securely in place. 

Blind expansion rivets have smooth finished heads 
so no buffing, trimming, or other finishing operation is 
usually required. The expansion of the rivet shank makes 
it unnecessary to observe close tolerances in molding or 
drilling the hole. Drilling time is reduced and insertion eas- 
ier, One man can easily install these rivets at the rate of 
20 to 25 a minute. 


Commercial Types 

Industrial blind expansion rivets are available in two 
types — regular rivets with the familiar open end, and 
a new development sealed rivets. This new type of 
rivet is designed for use where the opposite or adjacent 
structure is very close to the expanding end of the ri 
vet. It is practically noiseless when being set and the 
possibility of flash-burning adjacent surfaces is eliminat- 
ed. Brass, nickel plated brass, and aluminum alloy rivets 
are available in several diameters (%" to 4”) and with 
a wide range of grip lengths (up to %”"), depending on the 
alloy. 


Thirty one 


1 
ie 


| 
| Ai 
| 


Figure 1. Method of Joining Plastic Parts with Blind 
Expansion Rivets. 
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Application to Plastics 

In addition to ordinary metal-to-metal, or wood to 
metal fastening jobs, these rivets are also being used 
to fasten leather, plastics, and heavy fabrics such as can- 
vas, rubber and fiber board. The following discussion re- 
lates to the application of explosive rivets to plastics 
in combination with one another and with other fabri- 
cating materials. 


Nylon Resin and Acetal Resin 

Industrial blind expansion rivets may be used with 
nylon and with acetal as directed for use with metals. 
Rivet lengths and diameters should be chosen in the usual 
manner, No special care is required in preparing the 
rivet holes or inserting the rivets. Noticeable bulging, 
however, may occur when a rivet hole is located too close 
(less than 0.2 in) to an unsupported edge. Care should be 
taken in applying the heated tip of the riveting iron to 
the rivet head as prolonged contact with the rivet head 
or contact with the plastic material may cause melting 
or burning. Acetal and nylon may be used as either over- 
lay or base materials, in combination with one another, 
and with other dissimilar materials. 


Polyethylene Resin and Tetrafluoroethylene Resin 

Chemically expanded rivets may be applied as di- 
rected for other materials to polyethylene and tetrafluoro- 
ethylene overlays only. Because of their relatively low 
elastic modulus, application as base materials is limited 
to low strength joints. The expansion of the rivet shank 
distorts most soft base materials, defeating the purpose 
of the rivet. 


Acrylic Resin 

Industrial blind expansion rivets may be applied to 
acrylic resin overlays as directed for other materials. As 
a base material in thicknesses below % in., acrylic does 
not provide sufficient impact strength to withstand the 


Thirty two 


force of the expanding rivet shank and will generally 
crack or split when the rivet is set. In extreme cases, 
shock may even be transmitted from a metal base layer 
to an acrylic overlay and be of sufficient magnitude to 
cause cracking. Altering the rivet hole size has no no- 
ticeable effect on impact resistance. As with other plas- 
tic materials, care must be taken in the application of 
the hot riveting tip to the rivet head to avoid burning 
or melting of the resin. 


General Design Considerations 

Where non-metallic plates are used, the strength of 
the riveted joint will be limited by plate strength rather 
than by rivet strength. The strength of the plate depends, 
in turn, upon the location and number of rivet holes as 
well as the basic properties of material used. When de- 
signing for a riveted joint stress concentrations at the 
edge of the rivet hole, which may be two or three times 
greater than the average distributed stress, should be 
considered. Data are given in handbooks and in technical 
publications on stress concentration factors to use with 
specific geometries. 

A necessary further consideration is creep caused by 
long term static loading. The effect of creep, an enlonga- 
tion of the rivet hole, may be conveniently calculated by 
employing the concept of apparent modulus in standard 
deformation calculations. 

Post-formed holes should be made at right angles to 
the work surfaces. With metals, best results are obtained 
when burrs and chips are cleaned from between the parts 
to be riveted. Though less important with the more elastic 
plastics, these items should not be overlooked. More inti- 
mate surface contact is assured with clean interlayers. 
Clamping plastic sheets tightly together before drilling 
will prevent chipping of the surrounding surface. 

The expansion of the rivet shank stresses the base 
and overlay materials in the area of the rivet hole. These 
residual stresses may have adverse effects on the impact 
strength and the craze resistance of a given part. These 
factors should be considered in designing for riveting. 

Correct rivet lengths and rivet hole diameters should 
be chosen for plastics as directed for metal in manuals 
available from explosive rivet suppliers. (1) 


PRESS FITTING 
Press fitting is one of the oldest and simplest fab- 
ricating techniques. It is universally applicable to similar 
and dissimilar materials and requires no foreign elements, 
as cement or metal inserts, in the finished joint. Properly 
applied, this technique offers serviceable joints with good 
strength at a minimum of cost. 


Interference Limits 

Plastics are press fitted the same as metals and 
other materials, but interferences are generally increased 
to compensate for the relatively low elastic modulus of 
most plastic materials. For maximum joint strength inter- 
ferences should be made as large as possible without re- 
stricting assembly or unduly stressing the part. Theore- 
tical interference—stress level relationships are based on 
geometry and material properties. They may be calculated 
by standard stress analysis procedures employing the 
first equation in the Appendix which was derived from 
standard stress formulas (2). 

Maximum interferences have been calculated by this 
equation for plastics at various shaft-to-hub diameter ra- 
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tios, assuming average environmental conditions. These 
data have been substantiated by experimental spot checks 
on all resins and by a complete test series; the resultant 
curves for an acrylic are shown in Figure 3. It should be 
noted that the indicated interferences are those at which 
rupture should occur. 

For materials having definite yield points with a 
high rate of enlongation (usually at a lower stress level) 
thereafter, yield point data should be used in the above 
mentioned equation, When the yield point stress is used 
the indicated interference will be that which will pro- 
vide maximum holding power. Interference limits for 
various materials based on yield point are given in Fig- 
ures 4, 5, and 6. Where maximum joint strength is not re- 
quired, or where ease of fitting is more important, lesser 
interferences may be used. 


Figure 2. Press Fitting Applications. 
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Figure 3. Theoretical Interference Limits for Press Fit- 
tings (based on ultimate strength and elastic modulus at 
room temperature). 
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Theoretical Interference Limits for Press Fittings (based 
on yield point and elastic modulus at room temperature). 


Figure 4. 


a 
100 
ZYTEL 10! 
= 
w = SHAFT: 
ov 
Zz. “ZYTEL"—1 j 
les, 
: 
40 
0.0 0.2 0.4 0.6 0.8 1.0 
RATIO SHAFT DIAMETER TO OUTSIDE DIAMETER OF HUB A 
Figure 5. f 
110 


“ALATHON” 37 


« 
— 
70 
a 
33 
zw 50 
180 
2 
z= 
wo ALATHON™ 
= 180 
z SHAFT: 
"ALATHON’ 


990 
0.0 0.2 04 06 08 1.0 
RATIO SHAFT DIAMETER TO OUTSIDE DIAMETER OF HUB 
Figure 6. 
50 


SHAFT: = - 
DELRIN” 500x 


40 


"TEFLON" | 
40 TEFLON 


« 

w 

— 

30 — 
23 

20 
& 
$0 

= 


30 
20 
0.0 0.2 0.4 0.6 0.8 1.0 


RATIO SHAFT DIAMETER TO OUTSIDE DIAMETER OF HUB 


Thirty three 


| 


90 


STEEL 


} 
| | | | 
| 
| ! 
| 
| 
| 


Design Considerations 

In most practical applications less than maximum in- 
terference will be used. For metallic inserts, as shown by 
equation 2 in the Appendix, the interference can be de- 
termined practically by equation 


I = 1.254, S/E, 


where | maximum interference (in) 
d. insert diameter (in) 
Ss desired stress level (psi) 
E,, modulus of elasticity (psi) 
This equation will be accurate to + 5% over a wide 


range of conditions and is usually sufficiently accurate 
for design work, If a plastic shaft is being used then the 
full equation must be used. 

Residual joint strength after a period of time may 
be determined by using the apparent modulus in place of 
the modulus of elasticity in the above equation. Apparent 
modulus is an index for predicting creep in plastics at 
various stress levels below their proportional limit. For 
most thermoplastics variation in apparent modulus be- 
comes negligible after a year, and joint strength becomes 
constant at a value approximately one-half the initial 
strength. 

Joint strength is also a direct function of the coeffi- 
cient of friction between the joint surfaces. The coeffi- 
cient of friction of a given material is dependent on many 
factors. Lubrication, moisture, temperature, and stress 
level are important factors, as well as surface roughness 
and the relative velocity of two sliding parts. Unless the 
change in coefficient is known for each of these conditions, 
calculation of joint strength will be of little value. However 
the coefficients of friction for average environmental con- 
ditions experiences in press fitting have been determined 
by experimental means for several of the plastics. These 
coefficients are given in Table I (See Appendix). 


Axial Strength 

The force required to press a hub on a shaft or to 
remove a hub for a shaft is given by the equation. 

F twtfpdL (lbs) 
where 

L the length of the fit (in) 

p — the unit press fit pressure between shaft and hub 

(determined by equation 3 of the Appendix) (psi) 

f the coefficient of friction 

d the shaft diameter (in) 

Residual joint strength may be estimated for a given 
time after fitting by including the concept of apparent 
modulus when caletlating joint pressure (p) in the above 
equation. 


Torsional Strength 

The torsional holding capacity of a hub on a shaft is 
given by the equation 

Fr (in-lbs) 


where 
r the shaft radius (in) 
F the axial holding force as determined by the 


preceding equation (lbs) 

When torsional properties are important, a ribbed 
shaft will be found effective. For axial strength rings or 
threads should be used. When both torsional and axial 
strength are required, a knurled shaft of combination of 
rings and ribs provides a good balance of properties. 


Dimensional Changes 
When a shaft is press fitted into a sleeve the out 
side diameter of the sleeve, as well as the inside diameter, 
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will be expanded by the interference. Similarly, the inside 
diameter of a sleeve will shrink when the sleeve is press- 
ed into a housing. The relative dimensional changes for 
each of these cases is of interest since these changes will 
affect the relative fit of parts subsequently added to the 
assembly or to the clearance of a bearing. These changes 
can be calculated by the equations 4 and 5 given in the 
Appendix. 


Other Considerations 
Knurled Shafts 

The effect of a knurled shaft in press fitting has not 
been completely resolved, however, parts of acrylic resin 
press fitted with knurled steel shafts exhibit interfer- 
ence limits similar to, or greater than, those with smooth 
shafts. In test runs, gouging caused by the high spots on 
a knurled shaft was partially filled by plastic flow. It 
would appear that this relaxation of the material between 
the notched peaks apparently balances the effect of the 
stress concentration caused at the notch peak. This would 
indicate that interference limits may be selected in the 
usual manner, considering the outer diameter of the knur- 
led shaft as the outer diameter of a smooth shaft. Cold 
flow into undercuts may cause joint strength to increase 
with time. 


Shrink Fitting 

The relatively high rate of thermal expansion of most 
plastics compared to metals can be often used to ad- 
vantage in the assembly of interference fits. The dimen- 
sional change over given temperature range can be cal- 
culated from thermal coefficient of expansion data. It 
should be remembered that internal holes will change 
at equilibrium just as though the part were solid; that is, 
they will increase in size with an increase in temperature. 


Residual Stresses 

When parts are to be press fitted for maximum hola- 
ing power immediately after molding they should be free 
of internal stresses. Internal stresses may be reduced by 
annealing or by the fabrication conditions used. When 
press fitting nylon resin moisture conditioning is usually 
advisable because the elastic modulus of nylon, which 
limits allowance interference, is greatest in the dry, as- 
molded condition. 

Because of the high residual stresses set-up on the 
inner surface of a press fitted hub, notches and scratches 
in these areas should be avoided. Corners in key ways and 
other slotted areas should be rounded when possible to 
minimize points of stress concentration which limit al- 
lowable initial interference. 

Residual stresses set up by press fitting may also 
promote crazing in certain plastic materials. This effect 
limits their exposure and chemical resistance. This fac- 
tor should be considered when designing with acrylic re- 
sin. 

The internal stresses in a press fitted part may re- 
duce impact strength. It is suggested that, where a press- 
ed part is expected to withstand considerable impact, it 
be tested under actual conditions to determine the fea- 
sibility of this type of joint. 


INDUCTION WELDING 
Induction welding is an exceptionally fast and ver- 
satile fabricating technique. It utilizes heat generated by 
a high frequency electrodynamic field in a resistance cir 
cuit to melt and weld adjacent surfaces. It is ideally suit- 
ed for joining thermoplastics. 
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The 
lows: 

1.A conductive metallic insert is placed on the in 
terface of two sections to be joined in Figure 7. 

2. The sections are placed within the field of a high 


induction welding technique is applied as fol- 


frequency generator. 


. Pressure is applied to the sections and the field 


is energized. 
. Current is induced in the metallic circuit, generat- 
ing heat which, in turn, melts the surrounding plas 


tic material. 

5. The field is de-energized and the melted surfaces 

weld together to form a strong and durable joint. 

Induction welding is one of the fastest of the fab- 
ricating techniques. Some applications require as little as 
one second of welding time, Production speed is limited 
generally only by the rapidity with which parts may be 
set up and removed from the welding jig. 

Equipment costs vary widely depending on the ap- 
plication, Small units may cost only a few hundred dol- 
lars, while the ‘nore elaborate induction welding genera 
tors may cost several thousand dollars, 

The technique is not limited by shape or thermoplas- 
tic composition, Weld strength, however, is limited by the 
relatively small area in which the actual weld is formed. 
Welding occurs only in the area immediately adjacent to 
the metallic insert and very little strength can be ob 
tained by metal-to-plastic bonding at the insert. With 
a properly designed insert and correct welding procedure, 
however, welds of considerable strength may be produc- 
ed in a minimum of time. 


Operating Variables 
Power 

Power input governs the heat up time of the insert. 
Cycle time is, therefore, minimized at maximum power. 
Power input appears to be limited only by the shortest 
cycle which may be controlled, Good welds have been ob- 
tained over a very wide range of machine and cycle set- 
tings. Power input is a function of many variables and 
generalization as to power requirements is difficult, if 
not impossible. Information of this nature is best ob- 
tained from induction welding equipment manufacturers 


and dealers. 


Cycle 


Part Geometry 

The joint of a mating part should be designed so 
that pressure is distributed uniformly throughout, and 
over, the metal insert. For efficient energy transfer, the 
metal insert should be located as close as possible to the 
generator coil, A tongue and groove joint or similar con- 
figuration may be desirable to locate and hold the metal 
insert. In all cases the insert must be located between the 
plastic material faces so that no portion of the insert is 
exposed to air, as rapid heating and subsequent disintegra- 
tion of the insert may otherwise occur. 


Insert 

Successful welds have been achieved by use of stamp- 
ed foil inserts, standard metallic shapes as wire screen, 
and various configurations of conductive wire. The insert 
is not limited to the normal closed resistance circuit 
pattern. It may, in fact, be made in the shape of a star, 
letter, or other decorative shape as indicated in Figure 
7. When wire is used, diameters ranging from 0.010 in. 
to 0.030 in. will be found most effective. Printed o1 
metallized inserts may also be feasible, but they have 
not as yet been evaluated. When a part has been metallized 
for decoration, care must be taken to prevent heating 
and cracking of the metallized surface. 

If the insert is not centered accurately within the 
coil, there is a tendency for the metal insert to be attract- 
ed to the coil. It is thus advantageous to design an in- 
sert-retaining groove into one section of the parts to be 
joined. 


Fixtures 

A clamping jig is required to obtain reproducible 
clamping pressures and to distribute the pressure evenly 
over the entire joint and insert. The jig must be in 
place during heating and set-up. It should be designed 
for rapid assembly and removal. 


Safety 

Induction welding equipment is generally safe; how- 
ever, the energized coil should be treated with caution. 
Any metallic object placed within, or near, the field of 
the coil may become suddenly hot. Persons wearing rings 
or other metallic jewelry should be cautioned on the 
potential burning hazard, and operators should not be 
allowed to wear articles that are subject to inductive 
heating. 


Heat input to the insert is a direct fune- 


tion of cycle time for a given power setting. Figure 7. Induction Welding Process. 
More melt and consequently stronger welds STAMPED LETTER 
will be obtained with longer cycles. However, INSERTS 


cycle time should be only long enough to in- 
sure adequate welding, as too long a cycle may 
cause overheating and consequent degrading 
of the material. Degrading and bubbling are 
minimized by maximum pressure; that is, ie 
pieces under high pressure can withstand high 
er temperatures. Typical applications require 
from three to ten seconds of cycle time. 
Pressure 

As mentioned above, plastic materials can 
withstand more heat at higher pressures. That 
is, higher pressures will insure against de- 
gradation at a given rate of heat input. Maxi- 
mum applied pressure appears to be limited 
only by the strength and stiffness of the weld- 
ing material. In most applications a minimum 
of 100 pounds per linear inch of metal insert 


is required. 
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Equipment 

Induction welding equipment should be selected 
through consultation with a reputable manufacturer of 
such equipment. A list of manufacturers and addresses 
can be obtained from Thomas’ Register of American 
Manufacturers. Induction heating equipment manufac- 
turers may also provide a source for technical assistance 
and information on proper coil design and location, and 
proper machine capacity for particular applications. 

It is important to note that machine settings such as 
pressure, current on time, setting time, grid current, and 
plate voltage, must generally be determined by trial and 


error. 


Weld Strength 


With a wire screen insert between slabs of polye- 
thylene, welds of better than 50% of parent material 
strength have been consistently produced. Acrylic has 
been processed equally well, and from all indications, 
welds of significant strength may be produced in almost 
all thermoplastics. Weld strength may be calculated by 
multiplying weld material strength by the area over 
which melt will be formed. In most cases the weld area 
extends 1/16 to 1/8 inch from either edge of the metal 


insert. 


SPIN WELDING 

Spin-welding is a unique fabricating method that is 
especially well suited for joining thermoplastics. The 
technique employs frictional heat that is generated by 
the rotational rubbing of two contacting surfaces to 
produce joints having exceptional quality and strength. 

Specifice!ly, the spin-welding process involves rotating 
one section to be welded in a powered spindle against 
another part which is held stationary. Rubbing contact is 
maintained at a speed and pressure which generates 
frictional heat and melts the adjacent surfaces. When 
sufficient melt is obtained, pressure is increased to squeeze 
out all bubbles and to disperse the melt uniformly be- 
tween the weld faces. The stationary part is then re- 
leased, or the powered spindle stopped, halting the rub- 
bing action and allowing the weld to form. Pressure is 
maintained until the weld sets up. Several typical applica- 
tions are illustrated in Figure 8. 

In addition to the advantage of the outstanding 
quality of the welds produced by this technique, spin- 


Figure 8. Typical Applications for Spin Welding 
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welding offers economic advantages through speed and 
simplicity of operation. Standard machine shop equip- 
ment, as lathes and drill presses, may be adapted for 
most spin-welding jobs. With the aid of jigs and fixtures 
standard equipment may be converted to production units 
capable of joining sections with only a few seconds of 
welding time. 

The frictional heat generated by spin-welding is of 
such intensity that it produces almost immediate surface 
melting while the temperature of the material immediately 
beneath the surface remains relatively unchanged, For 
many applications no surface preparation is necessary. 
A rough saw finish, in fact, can be welded into a joint of 
similar quality to that obtained from a machined sur- 
face. 

One disadvantage of this technique is in the limita- 
tion of joint shape. The required circular shape may, 
however, be designed into a non-circular part and the 
spin-welding apparatus may be indexed to align the 
non-uniform part into the required final position. A pos- 
sible second disadvantage is flashing which is sometimes 
necessary to insure complete welding. However, joint 
design may be regulated to minimize this flash or to 
trap it in internal recesses, 


Operating Variables 

The heat generated between two rotating, rubbing 
surfaces is a function of the relative surface velocity, 
of the contact pressure, and of the duration of contact. 
It is also a variable of material properties like coefficient 
of friction and heat transfer capacity. Experimental data 
indicate a direct linear relationship between the heating 
effect of velocity, and pressure. 

Pressure must be applied uniformly to the surface to 
be welded. It must be great enough to force any bubbles, 
contamination, or degraded material from the joint. In 
many applications best results are obtained with an in- 
crease in pressure after initial melting. The material is 
thus squeezed between the joint faces as it sets up. 
More pressure is required at the higher temperatures to 
prevent degrading or bubbling of thermoplastic materials. 

The surface velocity of a rotating cylinder is a func- 
tion of the diameter of the cylinder as well as of the rpm. 
For a solid dise the average point velocity on the face is 
2/3 the circumferential velocity. The average point velocity 
on the face of a hollow member is given by equation 6 
in the Appendix, 

The cycle should be only long enough to in- 
sure complete welding. A short cycle minimizes 
flash and internal stresses. In many applications 
one or two seconds may be sufficient for welding. 
Total cycle time including insertion and removal 
of the part to be welded is greatly influenced by 
the effectiveness of the jigs and adapter. 

Table II indicates the approximate range of 
variables which have produced satisfactory welds. 
They should be used only as starting points from 
which further to determine optimum welding con- 
ditions. 

The welding cycle may be controlled by any 
of several variables—drag, time, or axial spindle 
position. Position and time are the most widely 
used. Position regulation, which insures that a 
given amount of material is melted and displaced 
by each cycle, may be governed by a limit switch 
or stop. The limit switch is normally used with 
an automatic feed unit and an automatically dis- 
engaging adapter. When production volume 
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does not merit an automatic set-up, visual control may 
be sufficient and the rubbing may be stopped simply by 
shutting off the spindle drive. 

Pressure control is best obtained by use of an air feed 
unit. Automatic feed units that may be adapted to most 
standard drill presses are available from several manu 
facturers. 


Braking 

Braking (stopping the relative motion of the con- 
tacting surfaces) may be critical with some plastics. 
Nylon and other rigid thermoplastics with a low melt 
viscosity and a relatively “sharp” melt-to-solid transition, 
must be braked almost instantaneously. When welding 
materials of this description, it is impossible to maintain 
more than a very thin film of melt between the con- 
tacting surfaces. If braking is slow, this thin film will 
solidify before the relative motion can be stopped and 
the weld will be sheared. 


Joint Design 
Joint geometry is the most important factor in- 
fluencing weld quality. Joint design should be carefully 
determined. Joints should provide maximum weld area 
while minimizing surface velocity differential. Weld area 
may be increased by using step, tongue-and-groove, or 
taper joints. The limitation on weld area is usually wall 
thickness or drag created by the increased surface. 

Velocity differential may be decreased by removing 
the center-most section of the weld area (where surface 
velocity approaches zero), Weld strength may be im- 
proved in small sections even if weld area is not increased 
to compensate for the center removal, The effect of 
velocity differential may also be compensated for by 
crowning the central area so that it melts and disperses 
first. 

Alignment is improved with taper or tongue-and- 
groove joints. These joints also reduce wobble which is 
critical in thin walled sections (e.g. aerosol bottles). 

If two compositions of a single material have 
slightly dissimilar melt points flash produced in weld- 
ing them may be directed internally or externally. A 
tapered joint on a hollow cylinder will usually flash 
externally and not internally if the male section is of the 
higher melting material. 

In Figures 9 and 10 are shown typical joints that 
have been used successfully in various applications. Re- 
lative dimensions are indicated. 


Residual Stresses 

Because surface velocity varies across the face of a 
rotating disc, the heating pattern across the weld area 
of a spin-weld section will also vary. The result is trap- 
ped internal stresses. The stresses are maximum at the 
center of the weld and minimum at the outer surface. In 
the usual case, therefore, these stresses have little 
effect on the surface craze resistance or surface weather- 
ing qualities of a spin-welded part. However, if the more 
highly stressed areas of the weld are exposed to a 
crazing agent violent stress cracking will result. 
Annealing of highly stressed joints is desirable in these 


cases, 


Control of Flash 

Because molten plastic is a viscous fluid, pressure 
applied to it is transferred equally in all directions. Thus, 
welding pressure causes the melt to move in all directions 
from its point of origin. In spin-welding, excess melt 
which is forced out from between mating weld surfaces 
is called flashing. When the spin-welding cycle is not 
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Figure 9. Joint Designs for Spin Welding of Hollow 


Members. 


TONGUE AND GROOVE 
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Figure 10. Joint Designs for Spin Welding of Solid 


Members. 
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|. Extension “A” longer than 
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angle “A”. 
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automatically controlled, flashing may be the best indica- 
tion of complete welding, however, excessive flashing is 


generally undesirable and should be controlled by care- 
ful regulation of its contributing factors, 
One such factor is proper joint alignment. Proper 
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joint alignment is effected by control of joint tolerances, 
by accuracy in positioning the sections to be welded in 
the adapters, and by the precision of the welding equip- 
ment, itself. When proper alignment is achieved, com- 
paratively little material will have to be melted and dis 
placed to insure complete welding. 

The most important factor affecting flash is joint 
design. Joints may be designed which will produce vary- 
ing quantities of flash, internal or external flash only, 
or retain all flashing within undercuts and pockets in- 
cluded in the joints. Some useful joint designs are 
illustrated in Figures 9 and 10. 

Control of the welding variables also affects flash- 
ing. At high speeds and pressures melt is formed and 
displaced faster. It is thus more difficult to control. 
High speeds also promote the centrifugal forcing of the 
melt away from the center of rotation. This increases 
external flashing, but acts to decrease internal flashing 
in hollow bodies. The amount of melt obtained, and con- 
sequently the amount of flashing, is also a direct function 
of cycle length. The shortest cycle that will provide ade- 
quate welding should be chosen. 


Weldability 

As yet, no true thermoplastic has been tested which 
could not be spin-welded, Resultant weld strengths, how- 
ever, differ widely among the various plastic materials. 
The weld strength of a single material, in fact, may vary 
with its particular application. 

An important factor affecting the weldability of a 
thermoplastic is moisture content prior to welding. Nylon, 
which absorbs a limited amount of moisture (2.5% by 
weight at 50% R.H, and 73°F), demonstrates this effect. 
Welding after drying, or immediately after molding (in 
‘dry-as-molded” condition), results in welds with as much 
as ten times the strength of “wet” run nylon. 

Residual stresses and heating patterns greatly affect 
weld strength. However, with close control of the weld- 
ing variables and with proper material conditioning, 
welds of constant quality may be predicted and maintain- 
ed. Table III indicates the approximate weld strengths ob- 
tained with typically good welding techniques on the 
various plastics. These values should be used with discre- 
tion and a standard safety factor included when apply- 
ing them to joint design. 


Applications and Special Techniques 
Spin-welding may be applied to almost any assembly 

operation involving a thermoplastic with a circular joint. 

The following are only a few outstanding examples. 


Hollow Members 

Hollow members like aerosol bottles and plastic pipe 
sections are ideally suited for assembly by spin-welding. 
Multi-colored bottles may be produced by spin-welding 
injection molded sections. Bottoms and end-caps, as well 
as valve mechanisms may also be assembled by spin- 
welding. Because of the thin wall sections used in most 
aerosols, tapered or tongue-and-groove joints should be 
used to insure proper alignment and to increase the 
weld area, 


Sheet Work 

Discs may be welded into plastic sheet for repair 
work or to produce interesting multi-color effects. A 
plug with 45° tapered edges and about 1/32” diametral 
interference has been used successfully for applications 
of this type. 


Thirty eight 


Filled Containers 

Liquids may be sealed into thermoplastic containers 
by this technique. In fact, surface heating is so intense 
that welding may be performed beneath the surface of 
liquid, Liquid filled containers completely free of bubbles 
may thus be simply and economically produced. This 


a 


technique was used to assemble floating compasses dur 
ing World War Il. 


Spin-Doweling 

A combination of spin-welding and dowel joining 
provides a useful means for assembling thermoplastic 
sections into sizeable composites. A dowel spun through 
several sections welds to, and effectively becomes a part 
of, each of these sections, holding them together so 
intimately that the resultant composite may be further 
processed in much the same manner as a solid unit, Pro- 
duction time on large shapes may be significantly re- 
duced by “spin-doweling” thin sections which require 
comparatively short molding cycles, 

The operation is simple. Parts to be joined are first 
aligned and clamped on a drill press table. A hole (if 
not already present) is drilled through the upper sections 
and part way through the last. Then a dowel, slightly 
longer than the combined thicknesses and a few thou- 
sandths smaller in diameter than the receiving hole, is 
gripped in the drill chuck and spun into the opening. The 
dowel bottoms in the last section, generating frictional 
heat which causes the material in the region of the rod 
tip to melt and flow up along the rod surface. When the 
melt flashes out of the top section, the rotation is stop- 
ped and the weld is formed. 


General Fastening 

Spin-welding may also be used as a substitute for 
riveting or mechanical fastening. Flanged rods may be 
spun in to hold ball bearing races, gears, or other rotating 
members. Techniques used in spin-doweling are applicable 


here. 


Localized Molding by Spin-Welding 

Frictional heat is generated by metal to plastic 
rubbing, as well as by plastic to plastic rubbing, Thus, 
a metallic die spun against a thermoplastic, (or vice- 
versa), will cause melting, and by stopping the rotation 
and squeezing the die against the still molten plastic an 
exact image may be produced, The reproduction is so 
precise that a finely finished die will provide a polished 
finish in the plastic similar to that obtained by ashing 
and buffing. This technique is useful for finishing, label- 
ing, and decorating standard items which are supplied to a 
number of users each of whom desires special identifica- 
tion or innovations. 


Specimen Embedment by Spin-Welding 

Spin-welding has been found effective for embedding 
metallic specimens in acrylic resin, Almost any generally 
symmetrical shape (gears, coins, emblems, etc.) may be 
quickly sealed into a protective and decorative covering 
by employing usual spin-welding techniques. Spin-welded 
embedments are of like quality to those produced by 
syrup casting, but do not require the lengthy polymeriza 
tion period, By successively embedding part upon part, an 
exploded assembly display is produced. 

The part to be embedded is simply placed on the flat 
face of the stationary section of acrylic prior to applying 
the rotating section to it. Initial pressure applied to the 
rubbing surfaces should be light. When sufficient melt is 
obtained fully to lubricate the area around the insert, the 
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pressure should be increased to squeeze out any bubbles 
that may appear. After welding, flash is trimmed from 


the weld circumference. Polishing completes the operation. 


Bonding by Spin-Welding 

In addition to the welding of similar thermoplastics, 
the spin-welding technique may be used to bond thermo 
plastics to plastics of different melt point and, in fact, to 
completely dissimilar materials. When spun against 
porous materials or against undercut non-porous materials, 
a thermoplastic will melt and flow into the cavities of the 
mating part. The resulting member is a strong compo 
site having the desirable qualities of both materials. 


SUMMARY 
As mentioned earlier, these methods offer new ap 
proaches to assembly problems. All have been used com 
mercially with plastics or other materials. The data and 
observations presented here have been given with hop: 
that this information will help to adapt these techniques 
quickly and successfully to new production problems. *®* 


Appendix 
Nomenclature: 
a hub I.D. (in) 
b hub O.D. (in) 
d shaft diameter (in) 
E = elastic modulus (psi) 


I maximum interference (in) 

1/m Poisson’s ratio of hub, h, or shaft, s. 
P — pressure (psi) 

r, — outside radius (in) 

r inside radius (in) 


tensile strength of hub material (psi) 
V average point velocity (in/sec) 
w - angular velocity (rev/sec) 


W 1 (a/b) 
1 (a/b) 
Equations: 


1. Maximum interference: 

I S,/W] 

[ (W + 1/m,) /E,] + 1/m_)E_] 

2. Simplified equation for interference: 

For metallic shafts or inserts where the modulus is in 
the millions, the last term in the parenthesis above will be 
very small (less than 1% of the first term). For practical 
purposes the ratio [(W+1/m,)/w] will fall within 1.15 
to 1.35, and for most conditions will be within 5 per cent 
of 1.25. The equation for interference then reduces to 
1 1.25 d. S,/E, and if the desired stress level is sub- 
stituted for S, then the interference at that stress level is 
obtained. 

3. Pressure exerted by a press-fit: 

P=I/[d, (x+y) ] 
where x [ (W + 1/m,) /E, ] 
and y [ (1 1/m_)/E,] 
For metalic inserts, y can be neglected. If the pres 


apparent modulus for E,. 
1. Reduction in LD. due to external interference: 
ZabI/(J + K) 
where J a (1 + 1/m,) 
and K = b* (1 — 1/m,) 
Increase in O.D, due to internal interference: 
2abI/(6 + H) 
where G b’ (1 + 1/m,) 
and H a* (1 — 1/m,) 
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6. Average point velocity of a hollow cylinder: 
V (2 W/3) (F/T) 
where F (r 
and T (r 


Table | 


Apparent Coefficients of Friction for Press Fitting 
\pparent 


Material Pressure Coefficient 
“Zytel” 101 Below 1700 psi 0.15 

to Steel Above 1700 psi 0.09 
“Lucite” 140 Below 2000 psi 0.17 

to Steel Above 2000 psi 0.14 
“Delrin” 500X Jelow 2250 psi 0.055 
to Steel Above 2250 psi 0.03 
“Alathon” 15 Below 130 psi 0.13 

to Steel Above 130 psi 0.08 


expe rime ntally determined and 
urfaces. 


The value were 
apply only to smooth machined, pla tic to steel 
They should be used only for order of magnitude estima 
fions of joint stre nath and, in all case hould he verified 
hy use-testing of the intended appli ation, 


Table Il 

Suggested Range of Operating Variables for 

Spin Welding 

Average Point 
Velocity 


Initial 
Pressure 


Material (Feet/Second) (Lbs/in) 
“Zytel” 101(¢,) 5 to 50 25 to 150 
“Delrin” 500X 5 to 35 25 to 150 
“Lucite” 140(.) 10 to 35 15 to 125 
“Alathon” 10),) 5 to 60 10 to 100 


Tn one applications, a secondary high pre SSUTE, o7 
squeezing, atter initial mie lting has proven heneficial in 
proving weld quality. This secondary pressure may he 
greater than that used to obtain initial melt- 


many times 
generally limited only by material stiffness 


ing, and is 
and strength. 
NOTES: 
1. Data also applies to “Zytel” 
“Zyte 
2. Data applicable to most molded or extruded acrylics. 


}, Data also applies to “Alathon” 14 and “Alathon” 25. 


105, “Zytel” 42, and 


sure exerted after a period of time is desired, use 


Table Ill 
Typical Weld Strengths Obtained by Spin Welding 
“Alathon” “Lucite” “Zytel” “Delrin” 
WELDED TO 10 25 37 140 130 101 105 31 500X 


“Alathon” 10 95 80 &5 
25 90 
37 85 70 95 
“Lucite” 140 85 75 80 
130 85 &5 35 
“Zytel” 101 70 50 55 25 
105 60 60 50 25 
31 50 50 70 30 
“Delrin” 500X 30 35 25 25 30 60 


Weld strengths are indicated as arent 

material strength. Where no value is shown weld strenaths 
were negligible, (helow 10%). 

These values are meant to serve only as an order-ot 
nagnitude indication for typical applications. They may 
not he comple tely re producible for all designs and should 


perce nt of 


he used with discretion. 


Ref. 1—Manual entitled—"Du Pont Industrial 
Blind Erpan sion Rivets” (Explosii es 
ment, E. I. du Pont de Nemours & Company, Ine. 
Wilmington, Delaware ). 

Ref. 2—‘Formulas For Stress and Strain,” R. J. Roark, 


McGraw-Hill, 8rd Edition, 1954, Page 276. 
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Graft Polymerization 
on Polyethylene 


§ 


ve A. Ordinary Copolymers 
ABABABABABABAB — 
ABBAABBBAAABAABBBA- 
H. George Hammon 
, Battelle Memorial Institute 


Columbus, Ohio 


Figure 1. 
4 

i Graft copolymerization is a means of ob- altering a preformed synthetic or natural 
ra taining polymers with characteristics unob- polymer without changing its physical shape, 
1 tainable by ordinary copolymerization meth- and often without destroying many desirable 
ie ods. Ordinary copolymers may be expected to properties. A hydrophilic surface might be 
Wap. possess physical or chemical characteristics grafted to a hydrophobic film or fiber to re- 
™ intermediate between those of polymer of duce the tendency of the material to accumu- 
each component. Graft copolymers may pos- late a static charge. The grafting of selected 
sess characteristics similar to one of the pure monomers to some fabrics may improve their 
components, or they may possess entirely receptiveness to dyes. Similar treatment of 
unique properties. Graft copolymeriza- plastic films may improve their printability. 


tion also offers a means of chemically 


RAFT COPOLYMERIZATION can be accomplished ated in the presence of the desired monomer. The polymer- 


by a number of methods, including the familiar monomer combination is preferably chosen so that more 
polymerization techniques. This article deals only with free radicals are formed in the polymer than in the mono- 
grafting initiated by high-energy radiation. mer. This situation leads to grafting. If the reverse is 
true, that is, if more free radicals are formed in the 
Types of Copolymers monomer than in the polymer, then much homopolymer-B 
Figure 1 is an oversimplification of polymer models, results, and little graft copolymer is formed. 
but will serve to show the structural differences between As shown in the illustration, radiation acting on the 
graft copolymers and ordinary copolymers. For example, polymer may form an excited molecule which can then 
a vinyl copolymer may have either a regular or a random split into two free radicals (a polymer radical and a hydro- 
sequence. A graft copolymer, on the other hand, consists of gen atom). The hydrogen atom may then abstract another 
a backbone or base of poly-A with a number of branches hydrogen to form hydrogen gas and another polymer 
of poly-B, The properties of the graft copolymer will de- radical, The vinyl monomer may then add onto the polymer 
pend to a large extent on the number and length of the radical as in normal free radical vinyl polymerization, 
poly-B branches. forming the desired graft polymer. 

Pre-irradiation grafting proceeds through a some- 
Initiation of Graft Copolymerization what different mechanism jie Figure 3). In this pro- 
By High-Energy Radiation cedure the polymer is irradiated in air. Free radicals form- 

Radiation-induced graft copolymerization may be ac- ed by irradiation react with oxygen in the air to produce 
complished by mutual irradiation or by pre-irradiation peroxide or hydroperoxide groups which are reasonably 
methods. Figure 2 indicates a mechanism for mutual stable. Subsequent reaction of the polymer with the desired 
irradiation grafting. In this procedure a polymer is irradi- monomer at elevated temperatures results in grafting, as 


the peroxide groups decompose to free radicals and the 


Thi paper was presented at the Fourteenth SPE Technical 
vinyl monomers add on at these sites. 
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Variables Involved in Radiation Grafting 

A number of variables are involved in either mutual 
or preirradiation grafting. We have already mentioned 
that in the case of mutual irradiation the polymer 
monomer system is preferably chosen so that, under irradi- 
ation, more free radicals are formed in the polymer than 
in the monomer. The extent of grafting is also depe ndent 
upon the total amount of irradiation and the intensity of 
the radiation. In most systems the rate of grafting is pro 
portional to the square root of the intensity'!). A low- 
energy source of radiation is usually more efficient than 
a high-energy source, but a longer exposure time is re 
quired. It is usually necessary to exclude air during irradi- 
ation. Even traces of oxygen dissolved in the monomer 
may cause significant induction periods. 

Presence of inhibitor in the system causes a short 
period of inhibition, but after the inhibitor has been ex 
hausted the rate of grafting is the same as that found 
when distilled monomer is used. 

Monomer may continue to graft to the polymer afte 
the cessation of irradiation. Ballantine'!) observed a high 
er degree of grafting when an irradiated polyethylene- 
styrene mixture was allowed to stand for a period of 
time up to 15 days after irradiation, than when the film 
was removed from the monomer shortly after irradiation. 
This post-irradiation polymerization may indicate the for- 
mation of “frozen-in” free radicals. 


Pre-Irradiation Grafting 

Pre-irradiation grafting is different from mutual 
irradiation grafting in a number of ways. As the pre- 
formed polymer is irradiated before immersion in the mon- 
omer, it is not necessary to be concerned about the relativ« 
rates of free radical formation of the monomer and poly- 
mer by irradiation. The irradiation of the polymer is done 
in air or even in dilute hydrogen peroxide solution'2). This 
results in the formation on the polymer of reasonably 
stable peroxide or hydroperoxide groups. 

The irradiated polymer is then immersed in the de 
sired monomer. It is usually preferable to remove even the 
slightest traces of air from the system, as oxygen may 
result in inhibition of polymerization. This may be accomp- 
lished by alternate freeze-thaw cycles of the system under 
high vacuum, Heating is required to break down the per- 
oxides in order to cause grafting. Temperatures in excess 
of 100°C, are generally employed. 

The amount of grafting realized by this procedure 
is dependent upon a number of things, including the 
radiation dose on the polymer, the temperature and time 
of heating in the monomer, and the nature of the monomer 
and polymer. If, for example, the monomer has no swelling 
or solvent effect on the polymer, grafting will be mainly 
on the surface and will be limited in amount. A monomet 
that swells the polymer, on the other hand, may graft 
throughout the polymer in a very homogeneous manner. 
Although the grafted article usually maintains the physical 
shape of the original preformed article, it may grow tre- 
mendously in size. 


The Use of Soft X-Rays in Graft Polymerization 

The literature reports the use of many types of radi- 
ation to induce graft polymerization, including high-speed 
electrons and neutrons, gamma rays, X-rays, and ultra- 
violet rays(3-4.5), This report will deal only with the use 
of X-radiation, specifically soft X-rays. The radiation 
source Was a new prototype 60 kvp Machlett X-ray tube. 
The tube, shown in Figure 4, has two distinguishing fea- 
tures: (1) it operates on 200 milliamperes, as compared 
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Figure 2. Mechanism of Grafting by Mutual Irradiation. 
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Figure 3. Mechanism of Pre-Irradiation Grafting. 
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Figure 4. The Machlett Prototype X-Ray Tube. 


to 30 to 40 ma for average tubes, and (2) the radiation 
is distributed over a 120-degree angle, instead of the 
typical cone shape of a conventional machine, These two 
factors allow production of high-intensity, low-voltage 
X-rays. 

Calibration of the prototype tube has shown that it 
delivers 260,000 rep per minute at 200 ma, 60 kvp, at a 
distance of 4.5 inches from the tube. 

The advantages of this type of tube are readily ap- 
parent. The high-intensity radiation allows relatively short 
exposure times, and the shape of the tube target, 1 x 4 
inches, rather than a point source as in a conventional 
tube, causes the intensity of radiation to diminish less 
rapidly with distance from the tube. 

The low penetrating power of X-rays has both ad- 
vantages and disadvantages. Their use is limited to films 
or other thin sections. On the plus side, shielding require- 
ments are minimized; one-eighth inch of lead is adequate. 
This is obviously much less shielding than would be re- 
quired when working with gamma rays from Cobalt 60, 
for instance. The power supply can be readily fabricated 
from units generally available at an estimated cost of 
$5,000. A fabricator or converter could, therefore, readily 
install in his plant, at relatively small expense, the equip- 
ment necessary for modifying his films, fibers, or textiles 
by means of grafting. 
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Gratting of Various Monomers on Polyethylene 


Acrylonitrile 

In Battelle studies, acrylonitrile was grafted to poly- 
ethylene by the pre-irradiation technique. Polyethylene 
film was irradiated in air using the prototype Machlett 
tube. The film was then placed in acrylonitrile in a glass 
tube. The monomer was frozen with liquid nitrogen and 
the tube was evacuated. After several freeze-thaw cycles, 
the tube was sealed under vacuum, and was then heated 
for the desired time. After reaction, the films were washed 
with water and then extracted with dimethylformamide 
to remove any homopolymer formed. The films were dried 
to constant weight in a vacuum oven. The weight difference 
between the dried film and the original film was considered 
to be the amount of acrylonitrile which had been grafted. 
The grafting ratio, P/P, (weight of film plus grafted mon- 


Table | 


Graft Polymerization of Acrylonitrile 
on Preirradiated Polyethylene 
X-Ray Dose P/P. for Various Reaction Times at 120°C 
10° rep 2 Hours | Hours 16 Hours 
0.5 0.97 1.06 1.55 
1.00 1.11 1.99 
2.0 1.11 1.25 3.34 
0 1.21 1.45 3.64 
6.0 1.21 1.28 5.67 
Rg. 1.44 1.65 6.06 


Table Il 
Graft Copolymerization of be Acetate 


on Preirradiated Polyethylene 
Reaction Time, 4 Hours at 120C 
X-Ray Dose, Grafting Ratio, 
10° rep P/P. 
0.0 (Blank) 1,04 
O.5 1.10 
1.0 1.22 
4.0 55 
6.0 2.19 
8.0 .78 


ro 


16.0 


Figure 5. Grafting Ratio as a Function of X-Ray Dose, 
using Machlett Tube, for Acrylonitrile on Polyethylene 
Film. 
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omer divided by original weight of film) was thus deter 
mined. Table I summarizes results of some of this work. 
It is apparent that the amount of grafting is increased, 
both by the radiation dose and the time of reaction in the 
monomer. 

Figure 5 shows the same data in graphical form. 


Vinyl Acetate 

Using a similar technique, vinyl acetate was grafted 
to polyethylene film. Homopolymer was extracted with 
acetone rather than with dimethylformamide. A_ typical 
set of results is given in Table II. Other samples which 
were reacted for longer periods were partially dissolved 
by the vinyl acetate. This solvent action might account 
for the inconsistency of the data in Table IT. 


Vinyl Pyrrolidone 

Vinyl pyrrolidone was grafted to polyethylene film 
by the mutual irradiation method. The film was placed 
in petri dishes, and the monomer added. Assembly was 
done in a dry box, purged with nitrogen, to eliminate air. 
Mylar film, held in place by a rubber band, was used to 
cover the dishes. 

The polyethylene film and monomer were mutually 
irradiated by exposure to the X-rays for the desired time. 
The films were then washed with water to remove un 
reacted monomer and any homopolymer that might have 
formed, The films were finally dried and weighed. The 
results are shown in Table III. 


Table Ill 


Graft Copolymerization of Vinyl Pyrrolidone on 
Polyethylene by Mutual Irradiation 
X-Ray Dose, Grafting Ratio, 
10° rep P/P 
1 1.00 
2 1.04 


4 1.63 


Summary 

Graft copolymerization is a means of tailor-making 
a polymeric molecule in order to build-in desired proper- 
ties. The use of soft X-rays in graft copolymerization 
permits the economical treatment of thin sections, or of 
altering mainly the surface of thicker sections. 
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Dry Blend Extrusion 


E. H. Hankey and R. D. Sackett 


Vonsante Chemical Co. 


Spring ld, Ma ssachusett 


In many segments of the wire and cable in- 
dustry, as well as in many non-electrical applica- 
tions, the extrusion of pelyvinyl chloride dry blends 
has grown to a large volume because of economic 
advantages over granulated compounds, Similar 
growth is probable in other areas now restricted to 
compounds if problems related to both materials 
and extrusion equipment are solved. For this reason, 
we have carried out extensive research to increase 
the knowledge of dry blend extrusion and equipment 
design. 


This presentation includes some of the most im- 
portant results of this work. It will cover differences 


in behavior between dry blends and compounds in 
the extrusion operation, indicating the variations 
possible in the dry blends themselves, and then show 
how dry blends can be extruded to attain high 
quality standards. 


This work will also show that in order to obtain 
the economic advantages of dry blend extrusion, 
properly designed extrusion equipment is of major 
importance. 


Although this study is based on the extrusion 
of wire insulation, the principles developed may be 
applied to other vinyl extrusion problems. 


fi OLYVINYLCHLORIDE WIRE INSULATION form 
ulations consist of resin, plasticizers, fillers, stabi- 
lizers, and lubricants. They are generally processed by 
extrusion either from granular compound or from dry 
blend. When a formulation is made into compound (as 
pellets or cubes), the milling process used to convert a 
wet mixture or a dry blend into compound produces enough 
shearing action and heat to distribute the plasticizers 
uniformly. This step colloids the dry blend so that a 
homogeneous stock is obtained, relatively free of unplasti- 
cized resin particles. The finished compound then obtains 
a second working during extrusion. The extruder in this 
case is required only to melt the compound and mix it 
thoroughly to form a homogeneous mass of uniform 
temperature. 


This paper was presented at the Fourteenth SPE Technica 


Conference 
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When the formulation is extruded directly from the 
dry blend stage, the extruder is required to perform two 
jobs. It must not only fuse the dry blend but also supply 
the shearing and mixing action which the milling process 
performs when dry blend is compounded before extrusion. 
Any partially or wholly unplasticized resin particles not 
worked out during extrusion may produce undesirabk 
gel spots or “fish-eyes” in the extruded product. Therefore, 
dry blend extrusion usually requires different operating 
conditions and a more critical screw design than compound. 

There is another difference in the behavior of dry 
blend and compound during extrusion; the amount of 
“frictional heat” developed by the two materials. Although 
dry blend can absorb more conducted heat from the barrel 
than compound because of its finer particle size, it does 
not develop as much heat from mechanical work. There- 
fore dry blend receives less total heat than compound 
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during extrusion at the same machine operating con- 
ditions. It is necessary therefore to use different extrusion 
conditions, longer barrel extruders, shallower flight depth 
screw design, or increased die pressures in order to obtain 
equivalent stock temperatures and quality of the extruded 
product. 


Dry Blend Characteristics 

Besides basic differences between the extrusion be- 
havior of dry blend and compound, there may be large 
variations in the extrusion performance of a single dry 
blend formulation depending on many variables in the 
blending operation. The end result will depend on several 
factors in the formulation. Especially important are the 
characteristics of the resin used, the filler content, the 
total amount and types of plasticizers, particularly whether 
the plasticizers are monomeric or polymeric. Just as im- 
portant are the details of the blending method, including 
the general type of blending equipment, the addition times 
of plasticizer and filler, the mixing cycle, and the final 
end temperature of the dry blend. 

It is not the intent of this presentation to cover the 
subject of dry blending itself, but rather to stress the 
major importance of this aspect. A good dry blend proper- 
ly made will require less critical operating conditions and 
a less exacting screw design for high quality extrusion at 
fast rates. 


The Effect of Screw Design on Product Quality 

Although many mathematical equations covering 
screw design have been developed (1, 2, 3, 4), none of 
these up to the present are concerned with product quality. 
When extruding PVC dry blends the surface appearance 
and the porosity of the extruded material must be con- 
sidered. Unless good product quality is obtained high ex- 
truder output is of little importance. Another complication 
encountered in PVC extrusion is that the material must be 
extruded close to its decomposition temperature if the 
desired physical properties of the product are to be ob- 
tained. Thus a particular screw designed to give high 
enough shearing action for a good extrudate can often 
result in excessive stock temperatures or in problems of 
temperature control. In contrast to plastics such as poly- 
styrene and polyethylene, which are very stable over wide 
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temperature ranges, PVC may degrade if a stock tempera- 
ture increase of only 10°F. is encountered when operating 
at a desired stock temperature. 

Because of these complications our work was done 
in two stages. The first part was an exploratory compari- 
son of one PVC dry blend with a granulated compound of 
the same formulation using a range of screw designs and 
operating conditions. The two materials were merely ex- 
truded as a %” diameter rod and the criterion of quality 
was the number of “fish-eyes” per gram in the extrudate. 
The second phase was a much more detailed study of the 
effects of screw design and operating conditions on both 
“fish-eyes” and porosity when using different dry blends 
of the same formulation, In this latter work the dry blend 
was actually extruded on wire in order to reproduce field 
conditions as closely as possible. 


Preliminary Screw Design Comparisons 

In our initial studies relating screw design to product 
quality, we used three screws (5) at various die pressures 
and screw speeds using both compound and a specially 
prepared dry blend which was relatively high in the num- 
ber of ungelled resin particles (“‘fish-eyes”). This type of 
dry blend was selected because it represented borderline 
performance and would be considered unacceptable in 
many present day commercial extrusion operations. 

A 2% inch extruder was used with the following 
screws having a 16/1 L/D (length/diameter ratio) or 40 
inches long. 

Screw No. 1 Screw No. 2) Screw No. 3 


.260” .156” 114” 
Constant Pitch 3%” 3%” 3 3/16” 
Helix Angle 21°40’ 23°15’ 22°10’ 
Metering Section None None 3 Flights 


*h Depth of last flight 
All increasing root diameter from feed end. 

A pressure head valve (Monsanto Patent US 2,271,636 
—1956) was used to obtain various back pressures on the 
screws (6, 7, 8). A standard indicating gauge with sili- 
cone grease was employed to measure the pressures. The 
output of each of the three screws with both compound 
and dry blend was then determined at 50 and at 80 RPM. 
The PVC was extruded in the form of a solid rod of about 
diam. 
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Figure 4. Statistical Experiment to Evaluate Screw Design 


Effect on Three Dry Blends. 
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The compound output vs. pressure (screw character- 
istic) for the three screws at 50 RPM is given in Fig. 1. 
The screw characteristics for dry blend are given in Fig. 
2. By comparing the two figures it can be seen that dry 
blend extrudes faster than compound at the same oper 
ating conditions with ordinary die pressures. It can also 
be noted that the deeper flighted screws have the greater 
output at the lower die pressures. Note in Fig. 2 that all 
three screws give equivalent production rates at about 
2000 psi. We will refer to this later. 

The quality of the extrudates from the three screws 
at the various pressures are shown in Table I. We can 
see that No. 1 screw with the deepest last flight (.260”") 
produces the poorest quality with dry blend while No. 3 
screw with the shallowest flight produces the best quality 
(fewest “fisheyes” per gram). It can also be noted that 
as the die pressure is increased the quality improves with 
all three screws. However at 2000 psi. back pressure all 
three screws begin to produce at about the same quality. 
Since the three screws have nearly the same output at 
this back pressure (Fig. 2), the stock is receiving about 
the same dwell and working time in the extruder for each 
screw. With deeper flighted screws, higher die pressures 
are necessary to obtain suitable quality but with a greater 
sacrifice in output than for a shallower flighted screw. 

Table I also shows that all three screws produce good 
quality when extruding compound even up to 80 RPM 
and at low die pressures. 

Fig. 3 shows the effect of die pressure on stock tem- 
perature and also shows that compound develops more 
heat than dry blend. The stock temperatures of dry 
blend even at 80 RPM screw speed are lower than com- 
pound at only 50 RPM. 

Thus far we have shown that screw design is more 
critical with dry blend than with compound and that back 
pressure should be considered when designing a screw for 
a certain job. We have also shown that dry blend will 
extrude faster than compound with the same screw and 
at the same operating conditions, but the quality of the 
extruded product may not always be acceptable. 


Detailed Screw Design Comparisons 

Based on the preliminary results six screws were de- 
signed and conditions selected for further evaluation. A 
complete factorial experiment of 54 tests (Fig. 4) was 
carried out which involved three dry blends of the same 
formulation taken to three different end temperatures. 
These were extruded on No. 14 copper wire as a 1/32” 
insulation using three different screw speeds with three 
long screws (21-1 L/D) and three short screws (16-1 L/D). 
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A standard crosshead wire die was used with a 242” ex- 


truder. 
The following variables were measured: 
1. Output - Wire rate (ft./min.) 
2. Stock Temperature 
3. Power Input 
4. Quality 


(a) Porosity in Insulation (See Appendix for 


Test Method) 
(b) Insulation surface (“fish-eyes”) 
The three screw designs for each of the two barrel 
lengths are given in Table II. 


Results 
The results of this factorial experiment are as follows: 
1. Output - Wire Rates: 
Fig. 5 shows the output of each screw design for both 
short (16-1 L/D) and the long (21-1 L/D) extrud- 
ers. Each plotted point is the average of 9 wire 
rates obtained with the three different materials at 


three different screw speeds. With the long barrel, 


the shallower flighted screws (9/64" and 7/64”) gave 
a greater output than the 11/64” screw. This could 
be due to differences in screw characteristics at the 
die pressures used in these tests. The 9/64” long 
screw produced the highest output. 

Fig. 6 shows the output versus screw speed for both 
extruder lengths. Again each point is the average of 
9 wire rates (three materials with three different 
screws). The wire rates increase with screw speed 
and the longer screws outproduce the short screws. 
Fig. 7 shows the output against the grade of dry 
blend. The change in output between the different 


TABLE I 
@ QUALITY OF THE EXTRUDATE 
] SCREW | NO 2 SCREW | NO 3 SCREW | 
SCREW ore | wh *.260 156" |} he (25 | 
SPEEO PRESS | QUALITY QUALITY QUALITY 
ORY BLEND 50 RPM | 5008 2000 + | 400 so 
so | 0008 000+ 280 
| 
ORY BLEND | so RPM s00e 440 | 60 
& 0008 --- 300 40 
|} 20008 ---- | 
COMPOUND | 50 RPM | soce 2 
so” 2008 0 
| 20000 
COMPOUND| 80 RPM s00e 2 
| 20008 ° 
i | 
© QUALITY « MEASURE OF NUMBER OF FISH EYES PER GRAM OF EXTRUDED STOCK 
Psi 
Table II 
Short Long 
10” 16-1 L/D 52.5 21-1 L/D 
h 11/64” 10/64" 9/64 11/64” 9/64” 7/64” 


Ist 
flight depth 7/16” 7/16” 8/16” 7/16” 7/16” 7/16” 
Constant 


pitch 33/8" 33/8”"33/16" 33/8” 33/8" 33/8" 
Compress. 

ratio 2.6-1 2.8-1 4-1 2.6-1  3.1-1 4-] 
No. flights in 2 3 3 4 4 } 


Metering section 

h- Flight depth in metering section 
All with increasing root diam. from first flight to 
metering section. 
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much greater with long than 
Dry blend A (lowest end tempera- 
faster than dry blend B or C 


blends is screws 
the 
extrudes 
with the long screws. 
At this point, if we 
the long screw with the 9/64” 
ind dry blend A which would give the highest 
rates At 100 RPM screw speed and with dry blend 
\, this screw extruded at 580 ft 
PVC. 

Stock Temperature: 

Fig. 8 shows that the stock temperature increases 
Both the short barrel and the long 
barrel stock temperature results are averaged togeth- 
er. Unfortunately we can not compare the short bar- 
rel stock temperature results with those of the long 
barrel temperature settings 
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with the long barrel. This reduce the 
possibility of obtaining excessive stock temperatures 
when we reached 100 RPM with the shallowest flight- 
ed long screw. 


was done to 


Fig. 9 shows the effect of screw design on stock 
Stock the 
depth decreases. set- 


temperatures, temperature increases as 
flight The 


tings for the long and those for the short barrel re- 


screw temperature 
spectively, were held constant during all test runs. 
Power Input: 

Fig. 10 shows the power input at the different 
for both extruder Although 
several tests made previously with other dry blends 
had about 35% power increase for the long 
screw versus the short, in this case the power required 
for the long barrel substantially different 


screw speeds lengths. 


shown 


Was not 
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than that for the short. This is probably again due 
to the different barrel temperature settings used dur- 
ing the tests with the long and the short barrels. It 
is generally agreed that additional power should be 
made available for the longer extruders 


Quality of the Wire Coating: 
(a) Porosity: 

Porosity in wire insulations is a greater 
problem with dry blend extrusion than with com- 
pound, A unit volume of dry blend contains more 
free air than a unit volume of compound. The 
air is more widely distributed and entrapped be 
tween the resin and filler particles in the dry 
blend. Therefore it is more difficult to eliminate 
the air from dry blend than from large compound 
pellets as they are compressed from the solid to 
the melt state during extrusion. With the same 
screw and the same operating conditions the melt 
zone for a dry blend will usually be nearer the 
die than for compound. At higher screw speeds 
when the dry blend melt zone moves too neat 
the die opening, air is carried through by occlu 
sion. This also can occur when compound Is ex 
truded at high rates and especially at low die 
pressures as with cable jacketing. Water as ab- 
sorbed moisture in either dry blend or compound 
can also cause porosity and should be removed 
before extrusion. This definitely will eliminate 
one source of porosity. In our tests we did not 

have to contend with moisture but only with the 
air in the dry blends. 

Fig. 11 shows the porosity or percent air 
volume in the extruded insulation versus screw 
speed. The short barrel screws produce more 
porosity than the long screws especially at highe: 
screw speeds. Averaging the 27 test results for 
the long barrel (3 materials, 3 speeds, 3 screws) 
and comparing with the same number of test re- 
sults for the skort barrel, the long screw pro- 
duces 5.7% average porosity versus 7.4% for the 
short screw. It should be noted that the lower 
average porosity value with the long screws was 
obtained even at considerably higher outputs than 
with the short screws. 

Fig. 12 shows the porosity versus the grade 
of dry blend used. The X point on the curve will 
be explained later. Dry blend A gave very little 
porosity regardless of screw design, screw speed, 
or extruder length while dry blends B and C pro- 
duced larger amounts. We knew that the manne? 
in which the dry blends were made would produce 
different amounts of porosity in the wire coating. 
tut one of the main purposes of these tests was 
to determine how effectively porosity would be 
eliminated from dry blend extrusion by use of a 
single stage extruder with different screw de- 
signs. We can also see how important the dry 
blending method can be in preparing a dry blend 
for extrusion with respect to potential porosity. 
It should be noted however, that not all formu- 
lations are as sensitive to dry blend preparation 
with respect to porosity. As for the presence of 
porosity in insulations, our data to date do not 
indicate any noticeable effect on specific induc- 
tive capacitance (SIC), elongation, tensile, o1 
modulus values for porosities under 10‘ 

We are presently working with vented ex 
truders which appear to be one solution to elim- 
inating porosity during dry blend extrusion. A 
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vented extruder is capable of removing moisture 
is well as air or other volatiles in the dry blend. 
Although our tests are not complete, there are 
indications that the vented extruder will find its 
way into the wire coating field for dry blend ex- 
trusion, 

Surface Appearance of Insulation: 

All of the coated wire samples were graded 
for surface appearance first by visual observa- 
tion and rated as Good, Fair, or No Good. Then 
the number of “fish-eyes” per gram was deter- 
mined on samples of the stripped insulations. 
Table III shows a summary of the results. 

None of the three long screw designs pro- 
duced acceptable surface quality with dry blend 
A. They did produce good quality with dry 
blends B and C. The three short screws did 
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much better (from a quality standpoint) with dry 
blend A and had no difficulty with B and C. 
However this does not mean that the short screws 
are better than the long as will be shown later. 
The above “fish-eye” quality results again showed 
the effect of using different grade dry blends even 
of the same formulation. As was expected, dry 
blend A gave poor surface quality and low por- 
osity while dry blends B and C gave good surface 
but higher porosity. The desirable solution to 
this problem would be to make a dry blend some- 
where between A and B. When such a blend 
was made and extruded with the long 9/64” screw, 
the porosity result shown at the X point in Fig. 
12 was obtained. But since there may be times 
when one might be faced with a blend like A, we 
ran further tests with dry blend A. 

It was known that the quality of the extru- 
date when extruding dry blend A with the long 
screws could be improved by the use of screw 


Figure 13. 


cooling water. This would reduce extrusion 
rate but the longer screw would still out-produce 
the short screw. The results of these tests are 
given in Table IV. It can be seen that when the 
long screw reached acceptable quality (low “fish- 
eyes”) by the use of cooling water, its output was 


still greater than that of the short screw. 


TABLE I 
SURFACE QUALITY OF THE INSULATION 
ORY BLEND ORY BLEND ORY BLEND 
8 c = 
(11/60 232 (NG 4(G) 
2i-1 9764" 547 (NG) iG 
7/64 97 (NG 2(G) 
1/60" 9 0 (G) 
10/68" 516 1 | 
7/63" 2 (G) 0(G) 


@ AVERAGE NUMBER OF FISHEYES PER GRAM FOR 3 SPEEDS (60,80,/00 RPM) 


VISUAL GRADING — NG -NO GOOD 


F-FAIR 
6000 
TABLE IV 
SCREW SCREW if WIRE RATE QUALITY % AIR VOLUME 
COOLING waTER FT /MIN FISH EYES POROSITY 
9/64" LONG 90°F 580 FT 400 (NG) 050% 
9/6 4" LONG 60°F 400FT 6 (G6) 022% 
10/64" SHORT 90°F 360FT 6 (G) 
TABLE 
CROSSHEAD DIE VALVE TESTS 
9/64" LONG SCREW— DRY BLEND A 
| Rew OIE WIRE RATE FISH EYES INSULATION 
| | PRESS | FT/MIN PER GRAM | SURFACE APPEARANCE 
| aQ 2150 } 318 a4 NO GOOD 
40 2550 306 64 NO GOOD 
40 3009 | 22" GOOD 
a0 1800 434 2! | NO GOOD 
80 2500 372 ° 6000 
80 3000 313 | 
100 2000 484 2 | 6000 
2800 413 ° | 6000 
| | 
|@ 100 11/64"SHORT 360 6 
SCREW | 
| 


® INCLUDED FOR COMPARISON — REGULAR EXTRUSION CONDITIONS, NO VALVE. 


4 
5 
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Since our earlier screw characteristic tests 
had shown the effect of die pressure on product 
quality, there was another way of up-grading 
the end quality of dry blend A with the long 
screw. A valve was installed in the crosshead 
wire die so that the back pressure on the screw 
could be varied (Fig. 13). The 9/64” long screw 
was again used. The quality results and the 
extrusion rates are given in Table V. It can be 
seen that by the use of higher back pressure and 
screw speed the 9/64” long screw produced at 
484 ft./min, (180 lb./hr.) with good quality (“‘fish- 
eyes” and porosity) versus 360 ft./min. (134 
lb./hr). with the short screw at the same quality. 
These last results show how a relatively poor dry 
blend can be extruded satisfactorily by use of 
other machine design aspects besides screw de- 
sign. 

We do not wish to leave the impression that 
the majority of dry blends that are made for di- 
rect extrusion are as difficult to extrude as the 
A dry blend used in this investigation. The for- 
mulation as indicated previously was purposely 
selected in order to accentuate variables affecting 
dry blend extrusion. Most dry blend formula- 
tions are less critical and will give good quality 
and high extrusion rates under a wider range of 
conditions and equipment variables. 


Conclusions 


The quality of extruded dry blend is affected by the 
blending method used to prepare the dry blend for 
extrusion. 

The best screw design for the extrusion of PVC dry 
blend has shallower flights than that for the extrusion 
of PVC compound. 

The quality of PVC extruded from dry blends can be 
improved, at equal output, by increasing both die 
pressure and screw speed. Screw cooling water can 
also be used to improve quality within limits as is gen- 
erally known. 

The use of long barrel extruders can increase dry 
blend extrusion rates 30-40% above that of short bar- 
rels with less porosity and better surface appearance. 
It is believed that vented extruders will be used more 
and more to eliminate the porosity problem so that 
dry blend preparation can be less critical. 


Appendix 


POROSITY is reported as percent air volume in the 


insulation. This was obtained by weighing 10-12” of 
stripped insulation in air and then in water to obtain the 


(Please turn to page 72) 
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This paper describes test methods which 
were used in selecting epoxy casting resins for 
electrical applications, Typical applications in- 
cluded potting and encapsulation of units such 
as toroids, transformers, resistors, and capaci- 
tors. Among the requirements considered essen- 
tial for a resin system to be used for electrical 
applications were the following: 

1. High electrical resistivity 

2. Thermal shock resistance 

3. Low dissipation factor 

4. High heat distortion temperature 

5. High degree of thermal ability (low 
volatile loss) 

Additional requirements which were in- 
vestigated, but will not be discussed were the 
follewing: 

1. Low viscosity for thorough impregna- 
tion 

2. Low volume shrinkage during poly- 
merization; no after shrinkage 

3. Low thermal coefficient of expansion 

4. Low moisture absorption 

5. Good adhesion to metals, ceramics, and 
plastics 

6. Low exotherm; low temperature curing 

7. High heat dissipation 

8. Non-corrosive to metals 

9. Capability of withstanding extreme 
mechanical shock conditions 

A large number of epoxy resins and curing 
agents were available: combinations of these 
resins and curing agents produced a wide 
variety of cured resins differing primarily in 
type and degree of cross-linking. In order to 
select a casting resin appropriate to the appli- 
cation, various electrical and thermal properties 
of representative systems were measured. 


|. Electrical Properties 


‘ j he following electrical properties were measured: 
1) dissipation factor at elevated temperatures, and 2) 
insulation resistance at elevated temperatures. 


A. Dissipation Factor 

Materials used for electrical insulation should generally 
have low power losses in order to reduce the heating of the 
material and to minimize its effect on the rest of the net- 
work. 


1. Test Method 

The resin systems under test were cast in a mold which 
consisted of two 4s” x 6” x 6” steel plates, with a 1/8” 
thick U-shaped spacer of “Teflon”, The resin-hardener 
systems were prepared and poured into the preheated 
mold, care being taken to avoid the entrapment of air. 
The materials were then cured according to the cycle 
specified for the given system. The specimens were sand- 
ed to a final size of 1/8” x 4” x 4”. The specimens were 
placed between two electrodes in a mechanical convection 
oven, Grounded capacitance measurements were made at 
elevated temperatures with a Western Electric Impedance 
Bridge No. D178448, a sensitive indicating detector, and an 


This paper was presented before the recent SPE RETEC sponsored 
by the New England Sections at Lowell Institute of Technology 
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Hewlett Packard Audio Oscillator with a range of 20 
eps to 200,000 cps. This test was a modification of ASTM 
D150-54T and MIL-I-16923B. 


Dissipation factor was calculated from the formula: 
D = G/W Cp 
where G = conductance in mhos 
C, capacitance in farads 
= 21x frequency (cps) 


2. Results 

The effect of cure cycle was shown by the dissipation 
factor values of Epoxy A and an amine complex of boron 
trifluoride. Curve (a), Figure 1, shows this system after 
a minimum cure of 3 hours at 100°C., followed by 3 hours 
at 135°C.; the curve exhibits a minimum at 35°C, to 45°C. 
Further curing, 24 hours at 150°C., shifted the dissipation 
factor minimum to a 95°C. to 110°C, range, Curve (b), 
Figure 1, The lower temperature value observed with a 
minimum cure may be due to an excess of unbound polar 
groups as furnished by unreacted hardener. 


Figure 2 illustrates the effect of two different harden- 
ers on dissipation factor at elevated temperatures. A 
minimum value was exhibited at different temperatures, 
dependent upon the hardener used. This minimum dissipa- 
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tion factor value was observed at a higher temperature for 
the system known to have better high temperature pro- 
perties. A difference in the minimum dissipation factor 
range at elevated temperatures may be attributed to the 
difference in motion of polar groups at the edges of large 
cross-linked molecular chains, It was postulated that re- 
sins which exhibit a minimum at a lower temperature 
were more susceptible to molecular rotation than the 
higher temperature minimum types; this may also be a 
manifestation of the amount of cross-linking in the solidi- 
fied resin. These results indicated that dissipation factor 
measurements at elevated temperatures may be a valuable 
analytical tool for determining such critical variables as 
cure cycle and hardener type. 

Insulation Resistance 

Insulating materials are used in general to provide 
electrical protection and mechanical support to components 
of an electric network, To fulfill the electrical require- 
ments, it is generally desirable to have the insulation re- 
sistance as high as possible, consistant with acceptable 
mechanical, chemical and _ heat-resisting properties; 
although, in many cases insulation resistance need be only 
high enough to have no appreciable effect on the operation 
of the network, Since insulation resistance combines both 
volume and surface resistance, its measured value is 
strictly applicable only when the test specimen has the 
same form as is required in actual use. 

1. Test Method 

Specimens of each resin system were cast in molds 
with five wire terminals, and five ‘s” tinned strips, each 
type of terminal being embedded at intervals of 4”, 3/16", 
i/", and 1/16”, “Teflon” insulated lead wires were clamp- 
ed to the terminals. This test was a modification of 
ASTM D257-54T. 

The above specimens were placed in an oven and the 
lead wires passed out the top opening. The temperature 
has held constant for 42 hour, at each temperature interval, 
and readings of resistance were taken between the various 
terminals with a Beckman Ultra-ohmeter. The temperature 
was raised from 85°C, in steps to 2%,°C, The average re- 
sistance between the 1/16” wire terminals versus the 
temperature was plotted. (Figure 3) 

2. Resulis 

The insulation resistance was lowered with an increase 
in temperature. The various resin systems caused the in- 
sulation resistance to vary widely, (Figure 3) 


ll. Thermal Properties 
\. Heat Distortion 

The heat distortion temperature indicates the resist- 
ance of the cured resins to mechanical stress at elevated 
temperatures. 

1. Test Method 

The heat distortion temperature was measured with 
an American Instrument Company Heat Distortion Tester 
according to ASTM D648-45T, The specimens were sub- 
jected to 264 psi’s fiber stress and a rate of temperature 
rise of 2°C, per minute. 

The temperature at which the specimen deflected .010 
inches was reported as the heat distortion temperature. 
Test specimens were cast in a steel mold to a size of 0.5” 
x 0.50" x 5.0” 

2. Results 

A wide range of heat distortion temperatures were 
obtained; values varied from 79°C, to 180°C., depending on 
curing conditions and materials used. (See Table 1) 

B. Volatile Loss 

The volatile loss test is a modification of ASTM D12938- 
52, and is a measure of the weight loss of a plastic sample 
at elevated temperatures. 


Fitty 


Figure 1. Dissipation Factor: Effect of Varying Cure 
Cycle. Epoxy-Amine Complex of Boron Trifluoride. Meas- 
ured at 100 KC. 
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Figure 2. Dissipation Factor: Effect of Hardener Meas- 
ured at 100 KC. 
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|. Test Method 

Three 30-gm specimens of each hardener system were 
prepared and cast in 2” aluminum foil dishes. The speci- 
mens were weighed on the analytical balance and placed 
in 600-ml beakers so that each sample was surrounded by 
activated charcoal. The filled beakers were placed in the 
oven for the specified time at a temperature of 150°C. 
The samples were removed after 24 hours, allowed to cool, 
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Resin System Cu 
1. Epoxy A with liquid 
aromatic amine A 3 hrs— 


2. Same as 1 
3. Epoxy A with liquid 
aromatic amine B 


re HDT (°C) 


65°C 81 


2 hrs—80°C 


3 hrs— 65°C 142 


silica filled 3 hrs—175°C 
4. Epoxy A with solid 

aromatic sulfone 14 hrs—135°¢ 99 
5. Epoxy E 3 hrs—125°C 112 
6. Epoxy A with solid 

aromatic amine A 2 hrs 80°C 112 
7. Epoxy D 7 hrs—140°C 79 


24 


Post-Cure HDT (°C) 

hrs—135°C 149 

hrs—150°C 156 

hrs—150°C 149 Table | 


Heat Distortion 


24 hrs—200°C 180 Temperatures 
16 hrs—200°C 135 
24 hrs—150°C 134 
24 hrs—200°C 96 


Table Il 


Volatile Loss at 150°C 


24 Hrs 240 Hrs 
Resin System “% Wt Loss “% Wt Loss 

Epoxy A with liquid 

aromatic amine A ll + 
Epoxy A with liquid 

aromatic amine B 12 61 
Epoxy A with liquid 

aromatic amine C 18 
Epoxy A with liquid 

aromatic amine D 84 
Epoxy A with solid 

aromatic amine A 08 06 
Epoxy A with boron 

trifluoride amine complex 0 05 
Epoxy A with amine salt 08 37 
Epoxy A with secondary amin 0) 08 
Epoxy C with low melting 

anhydride 0.12 0.19 
Casting Resin F 10.2 


Table Ill 
Thermal Shock Test 


Resin System 
Epoxy A with secondary amine 
Epoxy A with amine 

salt 
Epoxy A with solid 

aromatic amine 
Epoxy B with solid 

aromatic amine 
Epoxy A silica filled with 

liquid aromatic amine A 
Epoxy C with low melting 

anhydride with tertiary 

amine accelerator 

Epoxy F with diluent and 
aliphatic amine 

Epoxy B with a polyamide 

curing agent 

Epoxy A with an amine salt 
modified with a polysulfide 
polymer 

(*) 1 Cyele: 
30 min, at 105°C followed by 
10 min, at —55°C 


Cycles (*) Passed Before Failure 


{samples passed 
4 samples passed 
lsample passed 


4 samples passed 10 


sample passed 10) 


samples passed 1( 


lsample passed 0 


lsample passed ( 


to 


samples passed () 


2 samples passed () 


samples passed 


te 
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brushed free of carbon, and reweighed, The percent weight 
loss was calculated from the formula: 
WwW W-x100/W % weight loss 
where W initial weight 
W weight after heat aging 

The samples were returned to the oven to complete 
240 hours total residence, reweighed, and percent volatiles 
loss for 240 hours calculated as above 
2. Results 

The volatile loss was reported for the specified tem 
perature for both the 24 hour and 240 hour exposures. 
(Table IT) Volatile loss tests were an indication of the 
degree of thermal stability and aging characteristics 
(See Figure 4) 
C. Thermal Shock 

A thermal shock test is a measure of the resins 
ability to withstand extreme temperature changes. 
1. Test Method 

A cylinder of resin, 2 inches diameter and 1 inch high, 
was cast with seven %4” aluminum rods imbedded to within 
1/8” of the bottom, The rods were spaced at increments of 
1/32”, 1/16”, 1/8”, 3/16”, 1/4”, and 3/8” apart and also 
spaced at increasing increments from the outside circum 


Figure 4. 
Volatile 
Loss Test 

at 150°C. 


Above. Resin F 


after 24 hours. 


Right. Resin A 
after 240 hours. 
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Figure 5. Thermal Cycle Test and Mold Assembly. 


MIL-I-16923B. 
2. Results 


Figure 6. (left) 
100 KV Pulse Transformer 


before encapsulation. 


Figure 7. (Right) 
100 KV Pulse Transformer 


after encapsulation. 


Table IV 
Properties of A Polyester Potting Compound 


A Insulation resistance (ohms) vs. temperature (as specified in I-B) 
85°C 105°C 135°C 150°C 
4.4 x 10" ohms 3.6 x 10” ohms 4 x 10° ohms _ Electrodes become 
loose in softened 
potting compound 
A Thermal shock 105°C to -55°C (as specified in II-C) 
4 samples failed in the Ist cycle. 
A Heat distortion temperature 264 psi 
B Shrinkage during cure (1%) 
B_ Dissipation factor at Room Temperature 


90 
8.0 


60 cps 0.0035 

10° eps 0.0028 

10° eps 0.012 
COMMENTS 


This table shows the results of tests on a typical polyester potting compound. It is 
interesting to note that even though base polyester was modified with a flexibilizing 
polyester the material failed in the thermal shock test in the first cycle. The high degree 
of shrinkage, to poor resistance to thermal shock, and generally low insulation resistance 
at elevated temperatures of polyester has limited our use of these materials as general 
purpose potting materials. 

A A mixture of flexible polyester 

Rigid polyester 
B_ Rigid polyester, as in A 


50 parts by wt. 
50 parts by wt. 


lll. Applications of Epoxy Casting Resins 


The preceding tests aided in selecting a general pur- 


Fifty two 


ference starting with the close spaced rods (1/64", 1/32", 
1/16”, 1/8”, 3/16”, 1/4”, and 3/8”). 

After complete cure, these castings were subjected to 
a thermal cycle of 105°C. for % hour and -55°C. for 10 
minutes, This cycle was repeated until the castings exhibit- 
ed cracking or the completion of 10 cycles, as given in 


Table III shows that solid aromatic amine hardened 
resins withstood the thermal shock test, while the remain- 
ing resin systems, including certain flexible types, failed. 
This test gave an adequate comparison between resin 
systems for resistance to thermal shock. Each application 
should be tested individually; a resin passing the above 
test may not pass for an application which has a com- 
pletely different configuration. 


pose casting resin; however, 
each application required spe- 
cial consideration. 

Three of the most difficult 
application problems which 
were resolved were as follows: 
1) overcoming the effect of 
thermal shock cracking, 2) 
overcoming the effect of pres- 
sure during cure on pressure 
sensitive parts, and 3) over- 
coming the effect of high tem- 
perature during cure on heat 
sensitive components. 

Design. considerations which 
helped to overcome the effects 
of thermal shock were as fol- 
lows: 1) sharp edges and cor- 
ners on metal inserts were 
eliminated, and 2) large em- 
bedded metal parts were cush- 
ioned with flexible foam, sili- 
cone rubber, or plastisol. 

Pressure sensitive parts, 
such as C-cores, E or I lami- 
nations with critical gap spac- 
ing, and ferrite cores were 
sealed and cushioned so that 
pressure from the curing re- 
sin could not move them, 

Heat sensitive components 
required a low-exotherm, low- 
temperature curing resin. 

Figures 6 and 7 show de- 
sign techniques used on a high 
voltage transformer’ which 
was designed to operate at 
120°C. A_ special “Teflon” 
sheet, surface treated to gain 
adhesive to epoxy resin, was 
utilized as the layer insulation 
along with epoxy coil forms; 
this helped make the coil 
unit more resistant to high 
voltage arcing. The casting 
resin used was an unmodified 
epoxy resin, silica filled, and 


(Continued on page 57) 
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Edited by Louis Paggi, Consultant, E. 


Color Blending 


Louis Paggi 


© NE OF THE PROBLEMS which 
often confronts — the molder 


is that of obtaining a good blending 
of color when molding with plastic 
granules where pigment has been 
applied to the surface by dry blend- 
ing. The problem can be eliminated by 
obtaining complete homogeneity of 
the molten plastic, but this is difficult 
to achieve except by such means as an 
extrusion-blending operation which 
generally is an additional processing 
step. However, it is often possible to 
obtain blending to a satisfactory 
degree within the injection molding 
machine by modification of the equip- 
ment plus effective control of the 
molding operation to make use of 
certain basic principles. 
A Good Example 

A good example of adequate color 
blending may be seen in any news- 
paper or magazine carrying reproduc- 
tions of photographs. If the reproduc- 
ed photograph is viewed through a 
magnifying glass it will be seen that 
it is composed of a great number of 
small isolated ink spots rather than 
one continuous film of pigment. To 
the unaided eye the individual spots 
are indistinguishable, therefore, the 
image appears to be continuous and 
unbroken, If the image were to be 
printed on a sheet of glass, deposit- 
ing every other spot alternately, and 
in proper register, half on each side of 
the glass, the image when viewed 
against the proper background would 
again appear to be undivided. If the 
glass were not transparent, we would 
see only half of the spots and the 
picture would appear to be grainy. 
Following this principle, we find that 
the more opaque the substance the 
greater must be the percentage of 
pigment used and the better must be 
the blending in order to reproduce the 
same intensity and uniformity of 
color. 
Even Coloring 

In this molding problem, the objec- 
tive is to obtain an even distribution 
of pigment so that the color will ap- 
pear to be continuous to the naked 
eye. Therefore, the relatively isolated 
masses of pigment on the surfaces of 
the granules must be divided into 
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coarse mixture through a consider- 
ably smaller and very short restric 
tion. It is necessary, for practical 
reasons, to employ short, small dia 
meter orifices rather than long ones, 
in order to combine the best blending 
with the least pressure loss. To re- 
duce the pressure loss due to the re- 
striction of a _ single orifice, 
several small orifices or a single thin 
annulus of considerable circumference 
can be used, 

Color blending through an injection 
molding machine will involve the 
following steps: 


Dry Blending 

The object in dry blending is to 
disperse the pigment over as large a 
surface-to-volume ratio as_ possible. 
This means that a plastic granule 
having a rough surface is preferred 
over a smooth one since the former 
exposes more surface to contact with 
the pigment than the latter. For the 
same reason, fine granulation is pre- 
ferred over coarse. This explains why 
the use of reground material having 
a high percentage of “fines” will 
result in better color blending than 
use of common cut granules of uni- 
form size. Incorporating wetting 
agents such as certain waxes or oils 
in the dry blend will promote better 
adhesion of the pigment to the plastic 
granules and, therefore, more uniform 
blending in the final product. How- 
ever, any wetting agent used must be 
compatible with the plastic formula- 
tion used. Thorough mixing of the 
dry-blend is of course necessary in 
order to eliminate “islands” of high 
pigment concentration in the blend. 

Many molders prefer to use “color 
concentrates” rather than direct coat- 
ing of the plastic granules with the 
pigment. A “color concentrate” will 
consist of plastic granules, in which 
has been incorporated a very high 
percentage of pigment. A concentrate 
of twenty to one indicates that the 
“color concentrate” carries 20 times 
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Use of Restrictions in Melt Stream Aids Dispersion 


A COARSE BLEND IN A MELT STREAM 


1S SUBDIVIDED WHEN 


ee FORCED THROUGH RESTRICTIONS 


RECOMBINATION GIVES 


A FINER DISTRIBUTION OF PIGMENT 
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us much pigment as necessary, The 
end of concentrate and uncolored 
plastic fed to the molding machine 
will, therefore, have a ratio of nine- 
teen parts of uncolored material to 
one part of the concentrate. 

The use of “color concentrates” in 
preference to straight pigments is 
considered by many to be more cost- 
ly. The reverse is often true if we 
consider the following advantages 
derived from the use of concentrates. 
1. The concentrate will not drift 

throughout the work area, there- 

fore, the operation is cleaner. 


2. Weighings will involve larger 
quantities and will, therefore, be 
more accurate 
The concentrate will remain more 
venly distributed throughout the 
hopper of the machine and result 
n more uniform color dispersion. 

$1. Concentrates will not contaminate 
feed mechanisms and cylinders as 
will straight pigment resulting in 
more rapid purging of cylinders 
between different colors. 

In addition to the relatively high- 

r cost of color concentrates, certain 

combinations of material properties, 
equipment, and part design, may not 
yield sufficiently uniform color dis- 
persion. When this occurs, the mold- 
er has the choice of reducing the 
ratio of color concentrate or of color- 
ing by dry-blending 


Equipment Design 

In the absence of mixing screws as 
part of the molding machine, the 
material can usually be satisfactorily 
blended by forcing it through one or 
a series of restrictions on the way 
to the mold, Since any form of re- 
striction results in « pressure loss, 
care should be takea to locate re- 
strictions in the forward section of 
the plastifying cylinder and in the 
nozzle where the material will be in a 
completely molten state. For the same 
reason of minimizing pressure loss, 
any form of restriction should also be 
as short as possible. 

Restrictions in the plastifying cy- 
linder can take the form of a thin 
annulus between the wall of the cy- 
linder and the spreader or a series of 
small diameter holes connecting two 
larger ports within the cylinder. Any 
restriction within the cylinder and 
nozzle must be in the order of 0.040 
nch wide or smaller in order to be 
effective, The smaller the size of the 
restriction the more effective will be 
the mixing. Any restriction in the 
melt stream should be designed with 
1 view toward maintaining a stream- 
lined flow. Sharp anglers in the melt 
stream may result in the formation 
of “dead spots” where the melt may 
be held up and degradation may 
oceur, 

The location within a _ plastifying 
cylinder where a restriction is most 
practical is the point where the flow 
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begins to converge on its way to the 
nozzle. This section can be consider- 
ably reduced in area without seriously 
affecting pressure, provided the re- 
striction is short in the direction of 
flow. 

The next area of restriction can be 
at the entrance of the nozzle proper. 
This restriction may take the form of 
one or more drilled plates separated 
by spacer rings. The plates must be 
thick enough to support the pressure 
delivered by the cylinder in the event 
that unfused granules block some of 
the drilled holes. For the average 
installation where the plates are less 
than one inch in diameter, a thickness 
of 3/8" of steel has been found to be 
satisfactory for the plate located at 
the cylinder side of the nozzle, Other 
plates may be thinner, say 1/4”, since 
these plates are not likely to be 
subjected to high differential loading 
due to plugging with unmelted granu- 
les. A practical diameter for the 
drilled holes is 1/32 inch. If the 1/32 
inch holes result in excessive pressure 
losses the holes may be counter-bored 
or reamed on the mold side of the 
plates to within a few thousands 
of the cylinder side of the plate. 

In a nozzle of this design the melt 
enters through a large passage, from 
which it is forced through a number 
of small holes in a drilled plate. The 
high velocity of the melt through 
the small holes causes a high degree 
of shearing which results in good 
color blending. 

Design considerations for nozzles of 
this type are: 

The smaller the size of the drilled 

holes in the plate the better the 

blending but the greater the pres- 
sure loss. 

b. The greater the number of holes 
across the area of the plate the 
less will be the pressure loss, but 
the lower velocity of the melt will 
also result in less shear and poorer 
blending. 

ce. The longer the path of flow 
through any restriction, the great- 
er the pressure loss. 


& 
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A final restriction may be at the 
gate into the cavity. The smaller the 
cross-section of the gate the more 
effective the blending. Thin flat gates 
are more effective than gates of any 
other geometry having the same 
cross-sectional area. Of course, if the 
part can be filled with a very small 
gate, the round gate may be preferred 
but if the cavity requires a relatively 
large volume of material, the gate 
may be wide and thin rather than to 
increase its size in all directions and 
thus reduce the effect of blending due 
to shearing. 


Molding Temperature 

Thorough blending is dependent on 
the plastic being completely melted 
as well as on the development of a 
high degree of shearing of the melt. 


This means that the temperature of 
the cylinder should be high enough 
to insure complete melting of the 
plastic but low enough to insure a 
high degree of shearing at the re- 
strictions designed for blending. *® * 


Koppers Sponsors 
Toy Design Contest 


Summer camps for handicapped 
children will benefit to the tune of 
$5,000 in the 1958 Design Competition 
for Plastic Toys sponsored by Koppers 
Company, Inc. 

This amount will consist of five 
first-prizes of $1,000 to winning mold- 
ers in each of five classifications. 
These winners will receive from Kop- 
pers a list of accredited summer 
camps for handicapped children in the 
United States. The camp selected by 
the molder will then be given a 
$1,000 grant by Koppers in the mold- 
er’s name. In addition, there will be 
three honorable-mention awards made 
in each of the five categories. 

This competition, which is designed 
to promote and upgrade the use and 
application of plastics in the toy field, 
is open to all molders, extruders, 
fabricators or proprietary manufac- 
turers of polystyrene and _ polye- 
thylene toys. All entries must consist 
substantially of a recognized type of 
polystyrene (regular, modified, or 
foam), or regular or rigid polyethy- 
lene. 

Heading the list of a distinguished 
judging panel is Dr. Frances Horwich, 
the beloved Miss Frances of tele- 
visions’ famous “Ding Dong School.” 
Others on the panel are Dr. Jesse H. 
Day, editor of the S.P.E. JOURNAL 
and member of the Society of Plastic 
Engineers; and William M. Goldsmith, 
president of the American Society of 
Industrial Designers and professional 
designer for Design Research, Inc. of 
Chicago, Illinois. 

Although this is the fourth annual 
plastic design competition, it is the 
first one designated for toys. The 
three preceding competitions were for 
plastic housewares. Hereafter, the 
Company will alternate toys and 
housewares annually. 

Five Classifications 

For award purposes, entries will be 
classified and awards made in five 
divisions: 

Class I. Hobbycraft products. Items 
designed for use in hobbycraft. 

Class II. Playtoys. Playtoys with a 
retail value of more than $5. 

Class III. Playtoys. Playtoys with a 
retail value of between $1 and $5. 

Class IV. Playtoys. Playtoys with a 
retail value of less than $1. 

Class V, Infant items. Toy products 
designed for children too young to 
walk. 

Entries should be shipped, mailed 
or delivered by midnight, April 13 to 
Administration Committee, Koppers 
Design Competition, 950 Koppers 
Building, Pittsburgh 19, Pa. 
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Extrusion Highlights of the 1958 ANTEC 


Robert D. Sackett 


JJ SAY THAT THE 14th Na- 
tional Technical Conference was 


a success would probably be an under- 
statement. The committee is to be 
congratulated as everything went off 
pretty much like clock work. If I 
were to name one thing that impres- 
sed me most, it would be “Acoustics”. 
There was not a single session that | 
attended where there was any dif- 
ficulty in hearing the speaker and 
that certainly was a pleasure, 

There were 12 papers given in the 
extrusion sections and, of course, com- 
ments on extrusion crept into many 
other papers. The greatest single 
highlight of this conference, I am 
sure we will realize in years to come, 
was the meeting held by the Pro- 
fessional Activities Group on extru- 
sion. This group provides us with a 
means of unified effort in accom- 
plishing tasks of mutual interest. 
The committee, under the chairman- 
ship of John Myers of Celanese, is 
just in the stage of setting up sub- 
committees and determining wh'ch 
project should be handled first. The 
ultimate success of this organization 
will be in direct relationship to the ef- 
fort we of the extrusion industry are 
willing to expend. Many = special 
talents will be required, so please 
make yourself available when asked 
to “volunteer” for sub-committee 
work. 


Practical Papers 

There were only two of the twelve 
papers that were strictly theoretical 
and I am sure that this met the 
approval of many. The interesting 
fact concerning this is that both the 
joint paper by Hulburt and Katz of 
American Cyanamid and Street of 
Welding Engineers, and the paper by 
Squires of du Pont came up with a so 
called “shape factor” for use in ex- 
truder screw design calculations. The 
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two independent works had remark- 
able agreement. 

Squires of du Pont delivered a very 
interesting paper that added certain 
refinements to the earlier well known 
du Pont theoretical extrusion studies. 


Simplified Theory 

The simplified extrusion theory has 
become quite widely used as a work- 
ing tool, while the exact theory has 
been pretty much relegated to the ex 
trusion researcher. simplified 
extrusion theory is accurate to with- 
in about 6% for shallow screw (with 
channel depth to width ratios of 0.1 
or less). Frequently, however, the 
simplified approach is applied to 
deeper screws with poor correlation. 
Growing interest in extraction screws, 
where deep flights, only partially full 
pointed out the need 
for an improved method of estimating 
pumping capacity. Squires has pre- 
sented an easy to use method where- 
by flight edge effects and screw 
channel curvature can be taken into 
consideration when calculating screw 
melt-pumping rates in either full or 
partially empty screw sections. 


are desirable, 


Depth to Width Ratio 

Squires has shown, in graphical 
form, that the retarding action of 
the flight faces, on both the drag and 
pressure flow, increases as the screw 
channel] relatively deeper. 
It is shown that a screw having a 
channel depth to width ratio of 0.5 
will convey fluid in drag flow with an 
efficiency of 73% as compared to the 
same screw with no flight edge ef- 
fects. This paper also gives a curve 
for determining the shape factor 
when screws are run only partially 
full such as with extraction screws. 
In this respect it should be noted that 
the pumping capacity of the screw in- 
creases more than _ proportionately 


becomes 


is this channel becomes fuller. Thi 
accounts for the fact that certain 
vented extruders operate better as 
speed is increased. 

Squires goes on to show that the 
curvature of the flight is also im 
portant and presents data indicating 
that the curvature correction factor 
s greater than 1. Because of this the 
author suggests the diameter (D) to 
be used in the simplified approacl 
should actually be the outside screw 
diameter rather than a mean dia 
meter that has been suggested by 
others, 


Melt Flow 

The work of Street of Weldings 
Engineers and Hulburt of American 
Cyanamid descibed the flow of the 
plastic melt in the screw channel ir 
a manner somewhat different fron 
the method others have used in the 
past. It has been customary to ex 
plain the movement of plastic in the 
flight by assuming that a two paral- 
lel plate system existed where the 
barrel was one plate and the screw 
the other. This technique neglected 
the end effects (the effect of the 
flights). Street 
means of a graphical analysis that 
the screw flight contributes a flow 
component. In other words the screw 
flight acts as a snow plow, Obviously 
the material must tend to adhere to 
the barrel if the flight is to push 
the plastic. Hulburt’s work explained 
(as did Squires of du Pont) from a 
theoretical standpoint that the flights 
did have a definite effect on the melt 
flow in the channel and a graph is 
shown giving the Shape Factor for 
various depth to width ratios. 


demonstrates by 


Friction Heating 
Maddock of Bakelite 
that the relative 
energy put into the plastic by fric- 
tional heat from the drive motor and 
by conducted heat from the cylinde? 
heaters will depend primarily on 
three factors; screw design, screw 
speed, and the melt viscosity of the 
resin, Although it might appear de- 
sirable from an economic standpoint 
to obtain this energy from conducted 
heat, it has been shown that product 
quality is a function of mechanical 
energy input. Contrary to general be- 
lief the amount of conducted heat 
added will only be sufficient to make 
up the difference between the me- 
chanical heat developed and the total 
heat input to the system. Any in 
crease in shear rate or resin viscosity, 
therefore, will raise the ratio of 
mechanical to conducted heat input. 
It was stated by Maddock, that both 
theory and practice indicate that fric- 
tional heat and stock temperature 
must rise with increasing screw 
speed. This can be controlled to some 
extent by screw design and Maddock 
feels that it should be practicable to 
operate extruders at considerably 
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higher screw speeds than those pre- 
sently employed, 


PVC Dry Blend 

Hankey and Sackett of Monsanto 
in their paper on PVC Dry Blend Ex- 
trusion made several points of in- 
terest. It was pointed out that dry 
blending conditions, primarily end- 
temperature, had a significant effect 
on extrusion rate and porosity due to 
entrapped air. Lower end tempera- 
tures resulted in higher extrusion 
rates, lower porosity, but poorer sur- 
face appearance, Longer screws (20- 
1) were shown to improve output as 
much as 35%. The importance of 
shallow flighted metering screws was 
demonstrated to result in higher out- 
puts of good quality product. Hankey 
went on to tell, that because of the 
direct relation between quality and 
die resistance the quality of PVC dry 
blends can be improved by “valved 
extrusion techniques”, This can be ac- 
companied by increased outputs when 
higher screw speeds are used, The 
authors felt, that although porosity 
could be reduced by proper blending 
conditions and longer screws, the 
vented extruder (or equipment of this 
type) would become of increasing 
importance in the PVC dry blend 
field. Although the work was done 
in conjunction with wire coating, the 
results are applicable to any phase 
of PVC dry blend extrusion. 


Pipe Extrusion 

Morris of Spencer discussed some 
experimental results relating to the 
effect of extrusion conditions on burst 
strength of pipe. He found best re- 
sults with O.D, draw rates of 25 to 
30%. Stock temperature affected the 
surface appearance primarily. 

Croley and Doyle from Phillips de- 
scribed the process for making pipe 
from linear polyethylene, They re- 
commended the use of a jacketed cool- 
ing fixture for size control. Very 
excellent gloss is obtainable by this 
method on both the ID. and O.D. 
Croley discusses several methods of 
maintaining air pressure (inside the 
pipe) including a new cut-off techni- 
que presently under development. A 
very simple butt welding technique is 
also described, In this method the two 
surfaces are heated by an electrical 
hot plate and then pressed together 
in a simple fixture. An actual in- 
stallation where over 4,000 of these 
welds were used is reported as being 
entirely satisfactory. 


Monofilaments 

A Bakelite paper by Groel and 
Versteeg covers the monofilament 
process using the newer low-pressure 
polyethylene resins. The most pro- 
mising feature of low pressure polye- 
thylene is its high tensile strength, 
placing this material among some of 
the strongest fibers now on _ the 
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market. There appeared to be no 
special extrusion techniques required 
for this product. The paper describes 
some of the drawdown techniques. 


Sheet Extrusion 

Farrow of Koppers and Griesser, 
Griff and Tomfohrde of Bakelite gave 
separate papers covering the flat 
sheet extrusion of high-density polye- 
thylene, Regular styrene sheet equip- 
ment including similar dies and take- 
off equipment are suitable. Both 
speakers mentioned the importance of 
preventing sagging of the sheet as it 
comes from the die. Farrow suggested 
keeping the rolls close to the die, and 
the Bakelite group proposed feeding 
between the top two polishing rolls 
and then down around the bottom 
roller of a three roll stack, The Bake- 
lite paper further suggested either 
lower compound temperatures and/or 
lower cooling roll temperature if “roll 
plating” becomes a problem. “Roll 
plating” is the plating out of low- 
molecular weight polyethylene on the 
polishing rolls and thus preventing 
good polishing, As Farrow pointed 
out, however, too cold cooling rolls 
will result in severe shrinkage which 
will also have poor appearance. Both 
papers discuss some of the special 
techniques used in vacuum forming 
this increasingly popular plastic. 


Fluorocarbon Extrusion 

Mallouk and Thompson of du Pont 
delivered a paper on Teflon 100X—a 
new melt extrudable Fluorocarbon re- 
sin. Conventional extruders with Z- 
nickel liners and screws will satis- 
factorily handle this new resin. Typi- 
cal barrel and die heats range from 
500°F to 740°F. Mallouk and Thomp- 
son state that thin wall wire coat- 
ings can be applied by the “tubing- 
on” technique—they go on to mention 
that thick wall coatings (over 4”) 
appear feasible but will require fur- 
ther development of the “forming 
box” technique. The “forming box” 
technique uses long landed dies and 
then immediately into a water jacket- 
ed cooling chamber where it is held 
against the walls by light air pres- 
sure, This same technique is used in 
the extrusion of heavy wall tubing 
and rod stock, Bottles may also be 
blown from this same resin, It is 
anticipated that the improved ease 
by which this material can be ex- 
truded, including reworking of the 
scrap, should result in expanded use 
of this true Perfluorocarbon polymer. 


Nylon Processing 

Allied Chemicals Paper by O’Toole, 
Tinger and vonToerne discuss the im- 
portance of recognizing the effect of 
environmental and processing condi- 
tions on the properties of nylon 6, The 
paper discusses the effect of absorbed 
moisture, water bath temperature, 
and post extrusion annealing on the 
strength of extruded tubing. Some of 


the techniques employed in extruding 
nylon 6 tubing are covered in order 
that the maximum potential proper- 
ties of this relatively new extrusion 
material may be fully realized. 


Film Properties 

The paper by Haine and Robinson 
of Bakelite covers the extrusion vari- 
ables and the effect that these vari- 
ables have on the quality of flat poly- 
ethylene film with controlled proper- 
ties. The authors point out that 
although film extrusion from a 
mechanical standpoint appears on the 
surface to be a simple process, it is 
a fairly complex one from a rheologi- 
cal standpoint. Variables discussed 
are compound temperature, film 
speed, draw distance and water bath 
temperature, It is acknowledged that 
other variables are of importance but 
it is pointed out that through the 
proper control of the above mentioned 
variables controlled property film at 
economically feasible production rates 
can be produced. 


Thickness Control 

Doering of Industrial Nucleonics 
discussed several different beta gauge 
set-ups used in conjunction with ex- 
trusion operations. He stated that 
since most characteristics of films 
are dependent to some degree on out- 
put rate beta gauge control can re- 
sult in higher quality. Real justifica- 
tion of the gauge is generally made 
on the basis of improved yield, Doer- 
ing quoted a comment from “Paper 
Trade Journal” where one _poly- 
ethylene laminator calculated that the 
equipment had paid for itself in six 
months in direct cost reduction. Im- 
provements are continually being 
made in equipment for the analysis of 
machine performance. Mr. Doering 
predicts that this method of product 
quality control will be used to a con- 
siderably greater extent as a means 
of standardizing operating condi- 
tions. **® 


Bachner Award for 
Plastics Uses Announced 

Outstanding contributions to the 
practical applications of plastics will 
be honored this year with the in- 
auguration of the Bachner Award 
sponsored by the Chicago Molded 
Products Corporation as a testimonial 
to the work of the five Bachner bro- 
thers who founded the company 39 
years ago and to the many others who 
have contributed to the growth of 
the plastics industry. 

The award will consist of a plaque 
by well-known industrial designer, 
Jean Reinecke, and $1,000. 

Information and entry applications 
may be obtained through William T. 
Cruse, The Society of the Plastics 
Industry, 250 Park Avenue, New 
York 17, New York, 
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P mold assembly is also shown. 
(Continued from page 52) | 

cured with a bifunctional aromatic amine; this combination IV. Conclusions ie is 
shock than any of the systems tested. Another ayy epoxy resin systems become more widely known, the uses zi 
property of the epoxy-silica-amine system was a Pret of these versantile materials increase in. the electrical in . : 
insulation resistance at elevated temperatures. A ow sulating field. i 
Viscosity for good penetration of the coils insured a void 
fr sting: By coordinating the design and the resin system, {i 
Re ‘dal ‘ts. TI id successful applications will result. We have shown some i 

Figure 8 shows several cast toroidal unit 1e toroi tests that are useful in evaluating epoxy resin systems and sat 


we re Ww rapp d in mylar film to prevent pe ne tration of the discussed some design considerations which help utilize ret 
casting resin into the windings and the ferrite core. An 


these resin systems more successfully. % 
Identification of Resins and Hardeners Mentioned. rp 
Resin Common Chemical Name 
Figure 8. Epoxy A—Unmodified low viscosity epoxy resins. ; i 
Toroid Epoxy B—Epoxy equivalent of .52/100 gm. i 
Packaging. Epoxy C—Unmodified medium viscosity epoxy resin; | 
epoxy equivalent of .46/100 gm. 
(right) Double Epoxy D—Proprietary casting resin-phthalic anhydride = a} 
hardener. 
jt 
Epoxy E—Proprietary high temperature casting resin. } 
Epoxy F—Proprietary epoxy casting resin room tempera- i! 
ture setting. Lif 
Hardeners Common Chemical Name 
Secondary Amine Piperidine. 
Amine Salt 2, 4, 6-tri (dimethyl amino- | 
Now...less cost, less delay methyl) Phenol-tri-2-ethyl- 
in making plastic-forming hexoate. ; 
molds, zinc and aluminum Amine Comples of Boron Monoethanolamine complex of " 
KJ==> die-casting dies... with Trifluoride boron trifluoride. i 
Steel Cavities and Cores Solid Aromatic Amine A Methylene Dianiline. ei! 
Low Melting Anhydride Hexahydro Phthalic Anhy- 
® dride. 
Solid Aromatic Sulfone Diamino Diphenyl Sulfone. 
DADPS i 
Liquid Aromatic Amine A Proprietary aromatic amines 
without master hobs Liquid Aromatic Amine B normally liquid at room tem- if 
Liquid Aromatic Amine C perature | 
Manco’s new process precision-casts di- Liquid Aromatic Amine D } 
rectly from original patterns . . . in almost ines 
any castable material... eliminating costly 
. ' 
Manco gives you economical choice of ' NOW AVAILABLE H 
rig aterial for every job... ACCU- ' 
the right material for ery job a ; Papers Presented at the October 17, 1957 Cleveland : ] 
CAST in steel or TRU-CAST in beryllium ' 
ful detail, di Regional Technical Conference: ; 
copper . . . with faithful detail, dimen- “POLYETHYLENE, PROPERTIES AND USES” i 
sional accuracy, impact strength, and long : This bound volume contains the papers presented at the Polyethylene Retec. ' io 
»-free service li i A valuable addition to your Plastics Engineering Library. 1h 
trouble-free service life. USE THIS FORM TO ENTER YOUR ORDER H fede 
_ ; PLEASE SEND ME COPIES OF THE “POLYETHYLENE” RETEC ! ; 
ae : YOURS FOR THE ASKING — expert : PREPRINT AT $3.00 EACH ; Hie 
ACCU-CAST free copy of the new ‘Accu-Cast ENCLOSED COMPANY BILL | 4 
folder—write, wire, or phone today: ADDRESS 
' CITY STATE 
MANCO PRODUCTS, Inc. | TEAR OUT AND MAIL TO ‘ . 
2401 Schaefer Road, Melvindale, Mich : PUBLICATIONS DEPT ' ; 
SOCIETY OF PLASTICS ENGINEERS, INC, 
Telephone: Detroit— WArwick 8-7411 EAST PUTNAM AVE., GREENWICH, CONN, 
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\ careful study of molten polyethylene 
inside the mold cavity has provided im- 
portant new information on its behavior 
patterns. For example, as the material 
enters the mold and starts to cool, crystal- 
lization begins at once (see chart below). 
One result of this crystallization is the 
formation of a weak front which, due to 
pressure from incoming material, breaks 
up and tends to re-form inside the mold. 
rhe motion pictures taken through the 
glass window (see photos above) show 
several other interesting features: 


1. Polyethylene has a tendency to jet 


DOW POLYETHYLENES 
INJECTION MOLDING GRADES 


LOW DENSITY MELT INDEX 
1.0 
410 M 
nom 


INTERMEDIATE 
DENSITY 


710 M 


—slip 


900 M 20 characteristics 
1M 20 — slip 
characteristics 


BEHAVIOR OF POLYETHYLENE 
INSIDE MOLD CAVITY STUDIED 


GLASS WINDOW IN MOLD ALLOWS CLOSE STUDY OF FLOW BEHAVIOR PATTERNS 


Sequence of photographs above shows polyethylene of melt index 2 jetting into mold cavity at left and finally filling the mold at right. 


when entering into the mold cavity. 


2. The finish of the molded part may 
show blemishes where the material in 
the jet and the molten front meet and do 
not weld properly, 


3. As the molten material flows into the 
mold, curvature of the front does not 
reverse, indicating that polyethylene does 
not wet the glass mold walls. 


4. When polyethylene is forced against 
the mold wall and becomes solid. it does 
not stop flowing but is scraped along the 
mold walls in the direction of flow. 


YOU CAN DEPEND ON 


Plas 


DOW'S CLINICAL APPROACH TO HEALTHY PLASTICS APPLICATION 


5. Polyethylene has a tendency to pack 
in the mold under a wide range of oper- 
ating conditions. 

Dow Technical Service Engineers have 
made a thorough study of the perform- 
ance characteristics of polyethylene in 
injection molding. This is a part of a 
continuing series of Plastiatrics studies 
covering every phase of plastics formula- 
tion, design, molding and finishing. For 
your copy of “Injection Molding Polv- 


ethylene”, write THE DOW CHEMICAL 
company, Midland, Michigan, Plastics 


Sales Department 1519F. 
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clion— 
By Your 
National 
rganization * 


“The objects of the Society shall be to pro- 
mote in all lawful ways the Arts, Sciences, 
and Engineering Practices and Standards 
connected with the utilization of plastics.” 


ANTEC HIGHLIGHTS 


So much National Action was going on at our Fou 
teenth ANTEC in Detroit, that only the highlights can 
be reported here: 

Your 1958 ANTEC itself was from any angle the big 
gest and best in SPE’s history. For example, compared 
with past conference records: 

Registration: over 2,500; up 25% 
Number of Papers: 

Number of Sessions: 26; up 53% 

Days of Duration: 342; up 40% 

Quality-wise the outstanding technical program co\ 
ered the extensive plastics field like a blanket, and the 


99; up 59% 


conference operated as smoothly as a_ high-compression 
Detroit-built engine. 

Hats off to General Chairman, Carl H. Whitlock and 
his fast-cracking, hard-working Detroit Section team! 

A Plasties Institute, for years the cherished dream of 
Past President Jerome L. Formo and his Institute Com 
mittee, moved a long step toward reality at National 
Council meeting. Council resolved unanimously to joi: 
with SPI, MCA or other interested organizations in spon 
soring the Institute. In its formative stages, it is proposed 
that each sponsoring Society will appoint three members 
to a temporary Board of Directors. Each sponsoring 
Society will underwrite the organizational effort to a 
maximum of $10,000 each; this sum to be returned to 
the underwriter within three years after establishment 
of the Institute. 

Revisions to By-Laws B-13 and B-16 by letter ballot 
were announced at National Council Meeting. B-1°} was 
revised by eliminating the last sentence which states 
that Foreign Sections shall be billed for the SPE JOUR 
NAL on the same basis as members for dues. The B-1¢ 
revision increases the period during which full initiation 
fees of new members affiliated with a new section ar: 
remitted to that Section from the first twelve months 
to the first twenty four months following recognition by 
the National Council of a new section. After that, one 
fourth instead of one-half of the initiation fees shal! be 
remitted to each Section. 
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lyr. Jesse H. Day has been promoted to chairman of 
the Chemistry Department at Ohio University, effective 
February first according to the announcement of John 
Baker, President. When the Editorial offices of the Jour 
nal are consolidated in the Society’s National Office in 
Greenwich this year, Dr. Day will be elevated to Editon 
Emeritus of the SPE JOURNAL, and Charles E. Rhine 
will take over as Editor. As Editor Emeritus, Dr. Day 
will continue as an active member of the SPE JOURNAL 
Staff, and his long and rich experience in developing the 
JOURNAL will be available to Mr. Rhine. 


Professional Activity Groups came into full bloom at 
ANTEC. In fourteen separate meetings of groups and 
chairmen, attendance averaged over 20 and hit a high 
if 65 in one group. The vigor and enthusiasm displayed 
ndicate that these groups will soon become a vital part 
of SPE’s National structure and service. 

SPE Membership has almost reached its 19568 goal 
if 6,400, according to the report to Council of G. Palme: 
Humphrey, National Membership Chairman. 

Returns from the Membership Survey to date have 
been disappointing, according to the report to Council of 
Byron Nelson, Chairman of the Ad Hoe Membership 
Survey Committee. As of January 22, 1958, only 1,694 
returns were received in the National Office—about 29% 
of the membership. To get maximum value from this sur- 
vey, returns must approach 100%. So, if you haven’t done 
so already, please fill out and return your form immedi- 
utely. If you’ve mislaid your forms, duplicates will be 
sent you on request to the National Office. 

The Publications Committee report to Council by 
Chairman C, D. Kacalieff, reflected intense activity in 
this area. Charles E. Rhine, who will become Editor of 
the SPE JOURNAL, and Publications Editor when the 
Editorial Offices are consolidated in the National Office 
later this year, was introduced to Council. Mr. Rhine was 
formerly Managing Editor, Plastics World, and brings 
to the SPE a broad knowledge of plastics and the plastics 
ndustry and thorough experience in all phases of maga- 
illustration 
heading this see present SPE 


JOURNAL Editor, Dr. Jesse H. Day. In addition, plans 


zine editing, printing, and publishing. Th 
tion gives news of the 
for more thorough National advertising sales coverage 
and a new format for the SPE JOURNAL were discussed. 
Council by its 


The Meetings Committee report t 
Chairman, Frank A. Martin, was featured by unanimous 
adopticn by acclamation of the “Manual of Procedures 
ANTEC, NATEC, and RETEC.” All agreed that this 
was a monumental contribution to the progress of the 
Society. It explains in part the award of the first Presi 
dent’s cup to Mr. Martin. (Photo page 60). 
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Frank A. Martin, Chairman of SPE National Meet- 
ings Committee, was awarded the first “President’s Cup” 
at the Fourteenth ANTEC Banquet by Peter W. Simmons, 
1957 National President. The cup is awarded to the SPE 
member, other than National Officers and members of the 
National Executive Committee, who, in the opinion of the 
Executive Committee, has made the outstanding contri- 
bution to SPE during the preceding year. 


The 1963 ANTEC was awarded to the Southern Cali- 
fornia Section. It will be held in the Ambassador Hotel, 
Los Angeles. 

Six RETECs were approved for 1958 and one for 1959, 
Seas A. Wartin showing the growth of this successful type of meeting: 
. April 18, 1958—*New Development in Injection 
For Distinguished Service— 


The President's Cup 


Molding Techniques’’—Chicago 


2. September 12, 1958—‘Plastics in Automotive Ap- 


plications”—Detroit 


3. October 1, 1958,—‘Plastics in Packaging’’—Hart- 


ford, Connecticut 


. October 21, 1958—“Epoxies”—Upper Midwest Sec- 


tion— Minneapolis 


». October 24, 1958 — “Plastics and Electronics” 


Golden Gate Section—San Francisco, California 


» November 13, 1958—‘“Plastics in Building and 


Construction”—Los Angeles, California 


. May 7, 1959—“Plastics and the Metal Industry”- 


Pittsburgh 


The Central New York Section was approved by Coun- 
cil as SPE’s 38th Section, on the petition of James R. 
Lampman, Temporary Section President. This is the sec- 
section to receive its charter during the 1957-1958 
year, the other being the Rocky Mountain Section. 


Admiral Corporation, Molded Products Division 


P.O, Box 338, West Chicago, Ill. 


Advance Solvents & Chemical Div., Carlisle Chemical 


Works, Ine. 


500 Jersey Avenue, New Brunswick, N. J. 
National Aniline Division, Allied Chemical & Dye Corp. 


10 Rector Street, New York 6, N. Y. 


\llied Chemical & Dye Corp., Barrett Division 


'0 Reetor Street, New York 6, N. Y. 
Alsteele Engineering Works 

S2 Herbert Street, Framingham, Mass. 
American Agile Corporation 

5461 Dunham Road, Maple Heights, Ohio 
American Cyanamid Company 


30 Rockefeller Plaza, New York 20, N, 


Anderson Associates, Inc. 

1702 Wayne Street, Toledo 1, Ohio 
Argus Chemical Corporation 

633 Court Street, Brooklyn 31, N. Y. 
\tlas Powder Company 

Wilmington, Delaware 

Rakelite Company 

30 East 42nd Street, New York 17, N. Y. 
Baker Bros., Ine. 

1000 Post Street, Toledo, Ohio 


Barber-Colman Company, Wheelco Division 


1300 Rock Street, Rockford, Ill. 
Bluebird Plastics 

12th & Orchard Sts., Coshocton, Ohio 
Boonton Molding Co. 

Boonton, N. J. 


Booty Resineers Div., American Marietta Company 


12 South Third Street, Newark, Ohio 
Brown Machine Co. 

Beaverton, Mich. 
Brunswick-Balke-Collender Co. 


Sirty 


Company Registrations at SPE’ 


1700 Messler Street, Muskegon, Michigan 


S FOURTEENTH ANTEC 


Buckeye Molding Company 

Miamisburg, Ohio 

Cadillae Plastic & Chemical Co. 

15111 Second Avenue, Detroit 3, Mich. 

Cadillac Products Inc. 

7000 East Fifteen Mile Road, Warren, Mich. 
Camfield Fiberglas Plastics, Inc. 

Centennial Street, Zeeland, Mich. 

Capac Industries, Inc. 

Capac, Mich. 

Catalin Corporation of America 

One Park Avenue, New York 16, N. Y. 
Celanese Corp. of America, Plastics Division 
744 Broad Street, Newark, 2 N. J. 

Center Tool & Mold Co. Ltd. 

1573 McDougall Ave., Windsor, Ont. 

Chaney Plastic Molding Co. 

1200 Madison, Denver, Colo. 

Chemore Corporation 

21 West Street, New York 6, N. Y. 

Campco Division, Chicago Molded Products Corp. 
2717 N. Normandy, Chicago, Ill. 

Chippewa Plastics, Inc. 

210 East Columbia Street, Chippewa Falls, Wisc. 
Chris Kaye Plastics Mfg. Co. 

1200 Madison, Madison, II. 

Ciba Company, Inc. 

Kimberton, Penna. 

The Conneaut Rubber And Plastics Co. 
Commerce Street, Conneaut, Ohio 

Continental Plastic Co. 

21614 Groesbeck Highway, East Detroit, Mich. 
Conway Cavity Co. 

S. Telegraph Road, Taylor Center, Mich. 
Cosmo Plastics Co. 

3239 West 14th Street, Cleveland 9, Ohio 
Crucible Steel Co. of America 

H, W. Oliver Bldg., Mellon Square, Pittsburgh 22, Penna. 
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C. T. Ime. 

316 W. Fourth Street, Cincinnati 2, Ohio 
Detroit Mold Engineering Co, 

6686 E. McNichols Rd., Detroit 12, Mich. 
Detroit Plastic Molding Co. 

18125 E. Ten Mile, East Detroit, Mich. 

Detroit Plastic Products Co. 

35135 Groesheck Highway, Mount Clemens, Mic} 
Diamond Alkali Company 

Cleveland, Ohio 

The Dow Chemical Company 

Midland, Michigan 

E. I. du Pont de Nemours & Co., Polychemicals Department 
Wilmington 98, Delaware 

E. I. du Pont de Nemours & Co., Explosives Department 
Wilmington 98, Delaware 

Durez Plastics Division 

Walck Road, N. Tonawanda, New y ‘k 
Eastman Chemical Products, Ine 

Kingsport, Tennessee 

Frank W. Egan & Company 

P.O. Box 671, Somerville, New Jersey 
Electromold Corp. 

140 Enterprise, Trenton 9, New Jersey 
Engineered Nylon Products, Inc. 

1318 So, Olive St., South Bend, Indiana 
Escambia Chemical Corp. 

261 Madison Avenue, New York 16, N. Y. 
The Fellows Gear Shaper Company 
Springfield, Vermont 

Ferro Corporation 

$150 East 56th Street, Cleveland 5, Ohio 
Fibercast Corp. 

P.O. Box 727, Sand Springs, Okla. 

Fiberfil, Ine. 

Fox Farm Road, Warsaw, Indiana 

Fibro Corporation 

175 Terminal Avenue, Clark, N. J. 

Firestone Plastics Co., Chemical Sales Division 
Pottstown, Penna. 

Royal E. Fisler Company 

225 Baker Avenue, St. Louis 19, Missouri 
Flambeau Plastics Corp. 

501 Seventh Street, Baraboo, Wisconsin 

Food Machinery & Chemical Corp. 

161 East 42nd Street, New York 17, N. Y. 
Foster Grant Company 

Leominster, Mass 

Fuller Brush Company 

3580 Main Street, Hartford, Conn. 

Furane Plastics, Inc. 

1516 Brazil Street, Los Angeles 39, Calif. 
General American Transportation Corp. 
Chicago, Ill. 

General Electric Company, Chemical Materials Dept. 
1 Plastics Avenue, Pittsfield, Mass. 

The Gilman Brothers Company 

Gilman, Conn. 

B. F. Goodrich Chemical Co, 

3135 Euclid Avenue, Cleveland 15, Ohio 

W. R. Grace & Co., Polymer Chemicals Division 
225 Allwood Road, Clifton, N. J. 

Haas Corporation 

Mendon, Michigan 

Hale and Kullgren, Inc., (Repr. Aetna Standard Engr. Co.) 
P.O. Box 1231, Akron, Ohio 

Hartig Engine & Machine Co. 

Mountainside, N. J. 
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Hercules Powder Company 


Delaware Trust Bldg., Wilmington 99, Delaw: 


The Hydraulic Press Mfg. Co. 

Mt. Gilead, Ohio 

Improved Machinery Ine. 

Nashua, New Hampshire 

Industrial Mfg. Corp. 

31 EK. Georgia Street, Indianapolis 4, Indiana 
Industrial Nucleonics Corp. 

1205 Chesapeake Avenue, Columbus, Ohio 
Injection Molders Supply Co. 

3514 Lee Road, Cleveland 20, Ohio 
Interplastics Corporation 

120 East 56th St.. New York 22, N. Y. 
Koppers Company, Ine, 

Koppers Building, Pittsburgh 19, Penna. 
Kordite Company 

Macedon, New York 

W. T. LaRose & Assoc. Inc. 

Sox 55, Troy, N. 

Lester Engineering Company 

2711 Church Avenue, Cleveland 13, Ohio 
Lincoln Molded Plastics, Ine. 

P.O, Box 151, Circleville, Ohio 

Lincoln Plastics Corp. 

60 E, 42nd Street, New York 17, N. Y. 
Logo Ince., Div., Bee Chemical Company 
12933 S. Stoney Island Ave., Chicago 33, Ill. 
Loma Plastics 

3000 W. Pafford, Ft. Worth, Texas 

Lone Star Plastics Co., Ine. 

P.O, Box 9817, Fort Worth, Texas 

Lunn Laminates, Ine. 

Huntington Station, N. Y. 

Manco Products Ine. 

2401 Schaefer Road, Melvindale, Michigan 
Mastro Plasties Corp. 

3040 Webster Avenue, Bronx 67, N. Y. 
Mercury Plastics Company 

20787 Mound Road, Van Dyke, Michigan 
Michigan Plastics Products, Inc. 
Robbins Road, Grand Haven, Michigan 
Minnesota Mining & Mfg. Co, 

75 Droyers Street, Jersey City 3, N. J. 
Modern Plastic Machinery Corp. 

15 Union St., Lodi, N. J. 
Mold-A-Matic, Ine. 


1731 FE. 11 Mile Road, Madison Heights, Michigan 


Monsanto Chemical Company 
Springfield, Mass. 

The Morningstar Corp. 

156 Sixth Street, Cambridge 42, Mass. 
Moslo Machinery Co. 

2443 Prospect Avenue, Cleveland, Ohio 
H. Muehlstein & Co., Ine. 

1237 West 42nd Place, Chicago, I!linois 
Mycalex Corp. of America 

125 Clifton Blvd., Clifton, N. J. 
National Rubber Machinery Co. 

17 W. Exchange St., Akron &, Ohio 
National Tool & Mfg. Co. 

100 North 12th Street, Kenilworth, N. J. 


Naugatuck Chemical Division, U.S. Rubber Company 


Naugatuck, Conn. 

Newark Die Company 

24 Scott Street, Newark 2, N. J 
Nixon Nitration Works 

Nixon, N. J. 


(Please turn to page 71) 
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New Egan Plant 

Completion of a $165,000 addition 
to the Frank W. Egan & Company 
plant in Adamsville Rd., Somerville 
(N.J.), was announced today by 
Mdward Egan, President. 

The firm, which manufacturers ma- 
chinery for the paper converting and 
plastics processing industries, has 
doubled the size of its plant since 
1955. The 16,000 square feet of floor 
space provided by the new wing will 
be used to increase manufacturing, 
office and laboratory facilities. 

Egan said the new laboratory will 
be devoted to testing and research in 
both the plastics extrusions and 
paper converting fields, The plastics 
section, already in operation, is 
equipped with a 2's” extruder and 
a complete line of auxiliary equip 
ment. 


Office Moves 

It has just been announced by Bos 
ton Division Sales Manager, Edward 
C, Richardson, of the U. S. Industrial 
Chemicals Co., Division of National 
Distillers and Chemical Corporation, 
that the Boston office is be ing moved 
The new U.S.1, address is 150 Cause 
way Street, Boston 14, Massachusetts. 


lsochem Resins 

Isochem Corporation takes pleasure 
in announcing the formation of a new 
affiliate, the Isochem Resins Corpora 
tion, conceived specifically to serve 
industry with specialized formula- 
tions in the epoxy, polyester and 
allied resins fields. 

The specific function of Isochem 
Resins Corporation will be to make 
formulated compounds available to 
mitigate diverse technical problems 
n those industries which utilize ad- 
hesives, coatings, impregnants, mould- 
ing, tooling, patching and casting 
compounds, potting formulations, and 
a variety of similar products. In ad- 
dition to its complete product line 
Isochem Resins Corporation will also 
offer competent on-the-spot technical 


ervice 


New Vacuum-Former 

Robinson, Lewis & Rubin, Inc., of 
132 Laf ivette Street, New York, 13 
N. Y., has announced its entry into 
the field of vacuum forming, low 
pressure forming and fabrication for 
the needs of industry. 

Daniel Lewis, as President, was for 
merly Sales Manager of Durable 
Formed Products and Vice President 
of Tiger Plastics Corporation. 

Associated with Mr. Lewis, are Sol 
M. Robinson, President of Robinson 
Plastics Corp. Irvin I. Rubin, Vice 


Nirtu two 


the 


President of Robinson Plastics Corp. 


and Irwin Robinson, Treasurer of 
Robinson Plastics Corp, 


Techni-Plastics Formed 

Techni-Plasties, Inc., with complete 
manufacturing facilities in the specia- 
lization of thermoplastic forming and 
fabricating, has been formed. 

The following members have been 
elected to serve on the Board of 
Directors: 

Vito A. Tanzi—President & Chair- 
man of the Board; Walter R. Speck 
Vice President; Robert A. Gerardi 
Treasurer & General Manager; Gilbert 
G. D’Andrea—Secretary. 

Their location is 4 Yennicock Ave., 
Port Washington, Long Island, N. Y. 


Plastic Factors, Inc. 

Plastic Factors, Inc., announces a 
move from San Carlos, California, to 
expanded facilities in a 9,000 sq. ft. 
modern production plant at 926 Broad- 
way, Redwood City, effective Novem- 
ber 1. 

The Corporation’s Peninsula in- 
stallation quadruples previous work- 
ing space. The management predicts 
additional modern equipment and 
expert personnel will surpass last 
year’s record production of over 500 
different plastic items made for busi- 
ness and industry. 


Mr. Frost, president of the com- 
pany, is Vice President, Golden Gate 
Chapter, National Society of Plastic 
Engineers and resides at 8 Alameda 
De Las Pulgas, Redwood City, 
California. 

Creep Tester 

As many as six plastics specimens 
can be tested simultaneously in a 
Multiple Creep Tester developed by 
the Tinius Olsen Testing Machine 
Company. 

Standard plastics specimens can be 
tested for indefinite periods of time 
under accurately controlled conditions 
of tension at temperatures up to 
500°F, Load is applied individually to 
the specimens by means of dead 
weights. An insulated clear glass 
pane in the removable front panel of 
the unit permits visual inspection of 
the specimens at all times. 

Additional information about the 
Olsen Multiple Creep Tester is avail- 
able upon request to Tinius Olsen 
Testing Machine Company, 7416 Eas- 
ton Road, Willow Grove, Pa. 


Flambeau Plastics 

Flambeau Plastics Corp., Baraboo, 
Wis. has started construction of a new 
plant and office building which, when 
completed, is expected to facilitate 
greatly the production of its products. 

The new building is located on a 
7's acre tract within the city limits 
of Baraboo, Wisconsin. The initial 
construction will cover 31,000 square 
feet. The facilities to be housed in- 
clude office space, manufacturing 
area, asvembly and finishing areas, 
warehouse space, and the tooling divi- 
sion, The company expects to occupy 
the new premises by May 1, 1958. 


HPM Announces New Injection Machine 


The Hydraulic Press Mfg. Co., A 
Division of Koehring Co., Mount Gi- 
lead, Ohio, announces a new addition 
to its plastics injection molding ma 
chine line—a 32/42 ounce machine, 
claimed by H-P-M to be the fastest 
machine of its size on the market to- 
day. 

This 650 ton unit, with a total of 
107's horsepower, features an ex- 
tremely high injection rate of 2510 
cubic inches of material per minute; 
exceptionally fast cycling of over 300 
cycles per hour; a mold mounting 
area of 30”%x 48"; a full hydraulic 


clamp with 30” stroke and 50” day- 
light. Clamp controls are centralized. 
Easily adjusted limit switches pro- 
vide variable stroke, daylight, slow 
close for die contact, slow  break- 
away and injection stroke. A unique 
hydraulic device assures shockless 
operation. 

Independent clamp and_ injection 
circuits allow simultaneous traversing 
of both clamp and injection rams. 
This feature eliminates dead time in- 
herent in machines using a single cir- 
cuit with a diverting system. 


SPE JOURNAL, March, 1958 


4 
Tom 
| 
| 
kay 
4 
6 
|: 


UNITED STATES 
A.S.T.M. BULLETIN 
December, 1957 


Abstracter: Walter A. Gammel, Sr. 


Electrical Insulating Materials 
ASTM Committee D-9 will ballot 

on new tentative specifications which 

include: a method for dissipation 


factor and dielectric constant of 


polyethylene, and a specification fo 
polyester-glass general-purpose lam 
inates. 

Approved for submission to Edi- 
torial Board of the Committee were 
included a method for measuring 
corona resistance of insulating ma- 
terials, and methods for’ thermal 
stability of varnished fabric employ 
ing curved electrodes with one test 
based on application of proof voltage 
and the other on dielectric break 
down. 


MATERIALS IN DESIGN 
ENGINEERING 
December, 1957 


Abstracter: Leonard Buchoff 


Rubber Phenolic Moldings 
Thomas 


Rubber phenolic molding com 
pounds are blends of phenol form- 
aldehyde resins and nitrile rubber 
filled with woodflour, asbestos, cotton 
flock or fabric. 

A substantial portion of the prop- 
erties common to phenolics such as 
good dielectric properties, relatively 
high heat distortion temperatures and 
attractive as-molded finishes re- 
tained with the additional benefit of 
resilience. 

This endows the material with re- 
sistance to abuse and ability to ac- 
commodate large inserts. The drop 
bull test is described and said to be 
a more accurate rating for impact 
resistance than the Izod test. 
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Designing for Injection Molded Plas- 
tics—Jolin R. Kent 


This article gives properties of the 


thermoplastics a) design consid 

ations mportant cctiol mo 

ng. Acrylics ar noted fo thei 
optical properties and resistance to 
weathering; cellulosi¢s foi thei 
toughness, coloribility and ease of 
molding; chlorot ifluoroethylens for 
its good chemical and heat resistance 


and diel 


ectric properties; nylon fon 
its toughness and heat resistance; 
polyethylene fo toughness, e 
siliency and ease PVC 
fo its esistanc to pet ] 

and wide range of flexibilities; sty 
rene for its moldability, dimensional 
stability and dielectric properties. 

Design factors of draft, fillets, wa 
thickness, ibs, undereuts, holcs, 
threads and nserts ale discussed. 
The importance of welding i 
mold on 
mentioned, 

Two useful tables are given, 
scribing the thermoplastics, one 
comparative costs, the other on ge 
eral properties. 

Finishes for Wood—Alhert J. 

The properties, application tech 
niques, and cost of the various types 
of clear opaque and laminated finish 
es for wood are presented. Prepara 
tion of the wood surtace Is vel] de 
scribed. Varnishes have good 
ness and toughness combined 
good resistance to heat, water, acids, 
alkalis and alcohol. The fast drying 
quality of lacquers make 
adapted to high production. 
disadvantages ar the shrinkage 
qualities and need for multiple layers. 

Low bake finishes usually consist 
f a combination of alkyd and urea 
formaldehyde sins. The finishes 
have the toughness and mar resist- 
ance of lacquers and better chemical 
resistance. In addition they are uw 
affected by lighted cigarettes and 
matches. 

Polyester finishes have excellent 
appearance with better gloss and 
clarity than the average lacquer. It 
has excellent resistance to burning, 
hot water, chemicals, abrasion, cold 
checking and aging. 

Exceptionally hard wear and heat 
resistant finishes are provided by 
melamine resin laminates bonded to 


wood surfaces. They also possess ex 


cellent color stability and appearance. 
Clear laminate finishes provide equal 
surface characteristics of the 
pressure melamine laminates. They 
consist of an overlay paper impreg 
nated with surfacing resin which can 
be laminated directly to wood sur 
faces at low prcssures. 

New developments of epoxy and 
irethane coatings, polyester finished 
hardboards and vinyl films are men- 
tioned. 


* 


RUBBER AGE 
November, 1957 


Abstracter: James P. Harrington 

\ Uni-Rotor Mixer for Rubber and 
lastics—H Watson and D. ilson 

This mixer imparts both lateral 
and downward motion to a material 
by means of a single vertical roto 
which is concentric in a chamber. 
This type of design results in an 
even torque during mixing and elimi- 
nates the escape of material or pos 
sible contamination at the shaft seal 
ing glands found with twin-roto) 
mixers, The authors report excellent 
results compounding either elasto 
mers or thermoplastics with a labor- 
atory size uni-rotor mixer (2 to 50 
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FRANCE 
INDUSTRIE DES PLASTIQUES 
MODERNES 
December, 1957 


Abstracter: Hans Mayer 


gms capacity). 


Agriculture Could be Transformed by 
Plastics—/ ules Sowye “ur. 

With the availability of plastic 
materials the first question regarding 
agricultural applications was the 
question of replacement of other 
materials formerly used, namely 
glass. In this respect methacrylates 
have been selected for use in hot 
houses and hot beds. Their employ 
instead of glass is a question of com 
parative costs only. 

The availability of film of a poly- 
vinyl or polyethylene base has opened 
the way for new techniques which 
have been widely different under dif- 
ferent climatic conditions. Protecting 
the plants against excessive moisture, 
cold weather, and other outside in- 
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fluences, retarding or destroying the 
young crops, has made it possible to 
bring crops early to market, minimize 
raise two consecutive 
crops during one season where this 
had been formerly impossible. It is 
possible that an intelligent employ 
of these techniques will permit a 
great extension of production of agri- 
cultural products in countries de- 
pendent on import of these products 


GERMANY 
KUNSTSTOFFE 
December, 1957 
Abstracter: Anne Schwend 
Properties of PVC Paste Resins— 
Eng. Drahomir Rysavy 
This release from the Research In- 
stitute for Macromolecular Chemistry 
in Czechoslovakia deals with the re- 
sistance of PVC against solvation 
through plasticizers and stipulates a 
number of relative values differen- 
tiating the individual types of PVC. 
As a result of data obtained it is 
held that the extent of the specific 
surface of powdery PVC is the de- 
factor for the speed of plasti- 


losses, 


even 


now 


Cisive 

cizer solvation (as long as the K- 
value of the polymer remains within 
65-80). Not only the external sur- 


face of the particle but also all 
internal surfaces offering easy access 
for plasticizers have to be taken into 
account The degree of polyme riza- 
tion is only of secondary importance 
in this respect. The reactions of vari- 
ous types of PVC and their suit- 
ability for the production of pastes 
are investigated. Further, the influ- 
ence of different drying temperatures 
on the properties of paste forming 
PVC, which is produced by drying 
the PVC latex with a spray drier, is 
laid down in a chart. 

International Standardization of Plas- 


tics 
Brief report on recommendations, 
draft proposals and current work 


down by the 7th convention of ISO 
Technical Committee 61 held in Swit- 
zerland in July 57. 


Branding Devices for the Cable and 
Plastics Industry 

A survey on means available on 
the European market to brand plas- 
tics covered tubes, ribbons, 
profiles and other plastic items eithe 
by stamping or dyeing the surfaces, 
sometimes also marking meters, fo! 
better distinguishing the different 
types. 
Effects of Incomplete Cross-Linking 
on the Physical and Chemical Prop- 
erties of Unsaturated Polyester Resins 
Joset Fritz 

Two types of incomplete cross- 
linking are distinguished: 1. Tem- 
porarily ineomplete cross - linking 
which has not undergone the maxi- 
mum time of reaction and thus not 


cables, 


Sixty jour 


reached the final stage of possible 
cross-linking. It may be remedied by 
an after-cure and heating to 110°C. 
for 2-3 hours. 2. Permanently incom- 
plete cross-linking in which no after- 
cure at room temperature or multi- 
hour heating to elevated tempera- 


tures can induce a resumption of the 


interrupted reaction. Charts compare 
mechanical and chemical properties 
of fully cross-linked and incomplete- 
ly cross-linked specimen. Factors 
promoting or inhibiting cross-linking 
are discussed. 


Internal Stresses in PVC Cable In- 
sulation—Dr. F. O. Glander 

It has been known for some time 
that maximum strength in plasticized 
PVC can only be obtained by ade- 
quate gelation of the compound at 
processing temperatures changing 
with the type of plasticizer and its 
concentration. Low forming tempera- 
impede the plastic flow 
of interlaced threadlike molecules 
and thus cause internal stresses in 
the product. Simple laboratory roll- 
ing tests demonstrated the order of 
influence different mechanical 
properties of plasticized PVC through 
choice of gelation and forming tem- 
peratures. Shrinkage phenomenae up- 
on sheathing of metallic conductors 
are especially discussed. The design 
of a suitable extruder nozzle is dis- 


cussed. 


tures, too, 


The Condensation of Melamine with 
Formaldehyde at Controlled  pH- 
Values—Dr. Horst Michaud 

Not only materials of uni- 
form composition but also continuous 
supervision of the reaction as fa 
as the pH-value and the degree of 
condensation are concerned were 
found to be the key to steadily good 
products. Since basic materials do 
not represent chemically pure but 
rather technical products which may 
always contain small amounts of im- 
purities which slightly disturb the 
uniform proceeding of reaction from 
batch to batch, the condensation pro- 
cess cannot be determined from the 
original pH-value of formalin and 
the reaction temperature alone. Con- 
ducted tests reveal that substances 
which strongly accelerate condensa- 
tion reaction may be used as latent 
hardeners if they are added to the 
resin subsequently; upon final pro- 
cessing of melamine resins they 
modify the formaldehyde, which was 
separated at elevated temperatures, 
into formie acid and thru reduction 
of the pH-value augment the hard- 
ening speed. 


basic 


Molding of Amino Plastics — Jan 
Brzezinski and Z. Wirpsza 

This release from the Plastics In- 
stitute of Warszawa is a survey on 
the molding properties of amino plas- 
tics in order to get acquainted with 
processing possibilities. Comparative 
tests of urea molding compounds and 
melamine resins showed that 


1. The tempcrature range for molding 

melamine is almost double that fo 

urea resins. Exigencies as to con- 

stancy of mold temperatures are 

hence lower for melamine 

However, to avoid stresses especial- 

ly when wall thicknesses vary, tem- 

perature distribution on the mold 

surfaces should be as uniform as 

possible. 
. The curing speed of urea resins at 

comparable temperatures is bigge: 

within 145 to 160°C. and _ below 

145°C. lower than that of melamine 

resins. Increasing the molding tem- 

perature of melamine to appr. 

170°C. shows curing speeds which 

approach those of urea resins at 

160°C, 
. The flow properties of both resins 
decrease rapidly at increasing tem- 

peratures. Higher molding temper- 
atures and thus shorter molding 
cycles are restricted hereby. 

By plotting molding time and plate 
thickness for each individual molding 
temperature into a 
tem, one gets a good impression of 
the moldability of urea and melamine 
resins. 


resins. 


te 


coordinate sys- 


The Kinetics of Curing 
Resins—Dr. G. Kannebley 
Model substances of cyclo hexanol 
as low melting water-free secondary 
alcohols and low molecular technical 
resins as weil as phenyl and isobuty! 
glycidyl ether as epoxyde components 
are used to observe the _ reaction 
speed constants and pertinent activa- 
tion energies of the individual curing 
steps which are more distinguishable 
when curing with polycarbon acid 
anhydrides rather than with amines 
or polyamines. Tests aimed at stipu- 
lating minimum temperatures for 
curing and permitting predictions on 
the reaction of a resin to which a 
certain curing agent was added. 
Results are laid down in charts. 


Epox yde 
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DER PLASTVERARBEITER 
November, 1957 


Abstracter: Leo Fischer 


Insulation of Factories with In Place 
Foams—H. Baumann 

Large factories especially those 
built of sheet metal in hangar style 


can be insulated for resistance to 
heat and cold. A phenol formalde- 
hyde foam installation is described 
here. 


Burlap cloth was attached to the 
beams and stretched tight. Slats are 
attached across the burlap to rein- 
force the foam and be a thickness 
guide. A second layer of burlap sheets 
is attached to the slats. The hollow 
space between the burlap is then 
filled with foam. The weight is 8 to 
10 Kg per cu.m. The foam is then 
covered with a white brush coating 
of a nonflammable resin. 
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Multisided Vacuum Forming by 
Means of “Negative-Stretching” — 
Alfred Riemenschneider 

In order to overcome the problem 
of uneven wall thickness in deep 
draw vacuum forming, a modified 
technique is described. Although a 
pneumatic forming method is _ not 
new, an improved technique for some 
products is that of a plunger and 
vacuum together. The plunger is 30% 
smaller all around in all dimensions 
than the mold cavity and is rounded 
at the bottom. It is slowly pressed 
into the heated sheet and into the 
mold thus stretching the sheet. Then 
the vacuum is applied for the final 
stretch. The piece is almost uniform 
in thickness throughout. Vacuum can 
be applied at the start if folds are 
formed by the plunger. This _ tech- 
nique has great possibilities in im- 
proved and deeper vacuum forming 
according to the author. 


Sheet Metal Plus Synthetics Equals 
Skinplate—Dr. H. Kalpers 

Coating of metal with other metals 
is an old industry. The author dis- 
cusses the subject of coating metals 
with synthetics. Advantages are re- 
sistance to chemicals, and superiority 
to all metals in appearance and dec- 
orative effects PVC is most widely 
used, not only because of the insep- 
erable bonds and the general excell- 
ent qualities of PVC, but because 
skin plate with PVC can be fabri- 


cated and worked like uncoated metal. 

Tests are given as to chemical re- 
sistance involving chemical exposures 
of 7 days, 17 days and fume expos- 
ures of 3% years. The only change 
indicated in the 3% year exposure 
was one of color. Results are also 
given for a 500 hr weatheromete: 
test where no change took place. 1000 
hrs. at 100% humidity showed no 
change except in gloss. Of special in- 
terest is the resistance of skin plate 
to a 600 hr. oven test. For applica- 
tions to walls a contact adhesive is 
used, either in liquid form for brush- 
ing, or paste for troweling. 


GREAT BRITAIN 


RUBBER AND PLASTICS 
AGE 
September, 1957 


Abstracter: Walter A. Gammel, Sr. 


Self-Reinforced Elastomers (Buta- 
diene Copolymers)—E. E. Gale, H. A. 
Pfisterer, and E, B. Storey 

Rubbers and plastics can best be 
distinguished by the properties of the 
materials after vulcanization. The 
Customs Co-op Council defines rubbe 
“as an unsaturated substance which 
can be irreversibly transformed into 
a non-thermoplastie substance by vul- 
canization with sulphur.” 


High styrene copolymers used for 
floor tile and soles of shoes are pro 


duced by copolymcrizing 85% styrene 
with approx. 15% butadiene. Since 


such materials cannot be transform 
ed to elastic materials by vulcanizing 
they are usually referred to as syn- 
thetic resins. In test reinforced til: 
showed nearly four times greater re 
sistance to 25% deformation (In- 
stron test) than non-reinforced. 


A Survey of Rubber and RKesin- 
Rubber Soling Materials—L. 7’. Smiti, 

Results of a test involving the use 
of Resin-rubber, leather and a PVC 
compound as_ soling material fo. 
shoes furnished to about 100 tech- 
nical school boys revealed “that a 
good quality resin-rubber compound 
has three to four times the wear life 
of leather and two to three times that 
of a PVC compound.” PVC in an- 
other test wore about three times as 
long as leather in dry conditions and 
twice as long in wet. 

Rubber and resin-rubber materials 
are recommended to the footwea 
manufacturer on the basis of consis- 
tency of quality and price, reduction 
of wastage, ease of manipulation, and 
in most cases a reduction in price. 
Since only 6% of British footwear is 
export and imports are increasing, 
the author recommends new tech- 
niques (possible with non-leathe 
materials) be adopted. 
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2717-V CHURCH AVENUE ® CLEVELAND 13, OHIO 


L-2A-8 oz. LESTERS 


Ounces General Purpose Polystyrene 


a. Single Feed Stroke . . . . ., 8 

*b. Double Feed Stroke . . . . . . 12 
Mold Closing Pressure, Toms . . . . . 30C 
Beam Area, Sq.in. . . . . . ..., 11C 
Pressure on Material at End of Plunger,P.S.!. 20,000 
Speed of Injection Plunger, inches/min. . . 171 
Filling Speed, cu. in/jsec. . . . . 12 
Complete Machine Cycle, idling, secs. . . 9 
Mold Opens,inches . . . . . 10 
Maximum Mold Height, ins. . . . . . 16 
Minimum Mold Height,ins.§ . . . . . . 13 
Maximum Mold Size, ins. (HxV) . . . . 28x23 
Total Heating Units, K.W. . . . . 11.1 
Combined Pump Capacity, gal./min. . . 62 
Motor Size, Horsepower . . . . . . 30 


*Optional at extra cost. 


LESTER-PHOENIX, INC. 


“Agents in principal cities throughout the world 
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Pioneer Valley 


Nylon 6, Lexan and Nylon 6, 6— 


Their Properties and Advantages 
Gerald E. Berlyn 


The newly elected officers of the 
Pioneer Valley Section for the year 
1958 are: John T. Moore, President; 
Bruce H. Robertson, Vice President; 
Dominic DiPierro, Treasurer; Jack 
Berger, Secretary. 

\ program on New Materials was 
held at Wachusett Country Club on 
January 8, 1958. Mr. Richard Bishop, 
Director of Research in Petrochemical 
Division of the Foster Grant Company 
aptly told the story of his company’s 
entrance into the manufacture of 
nylon 6 and was followed by Mr, R. 
J. Thompson, Sales Development 
Specialist, General Electric Company, 
who spoke on Lexan. 

Mr. Bishop stated that nylon 6,6 is 
made from a 6 carbon base, hexame- 
thylene diamine, and a 6 carbon acid, 
adipic acid. Nylon 6 is made out of 
caprolactam, an aminoacid of 6 car- 
bons, hence, the difference in nomen- 
clature. In Europe, caprolactam 
monomer is produced phenol 
where the supply is large, however, 
in the | . S. a more logical source 1s a 
petroleum product, cyclohexanol. 
While hexamethylene diamine, and 
adipic acid are produced from the 
sam raw materials, Foster Grant 
feels that there is a_ potential for 
lower cost raw materials in the manu- 
facture of nylon 6. Lower processing 
costs and the ability to alter mole 
cular weights of materials more 
easily have made the production of 
nylon 6 more attractive than nylon 
6,6. Nylon 6 is basically a high impact 
material with excellent abrasive re- 
sistance, high melting points, self- 
lubricating properties, and excellent 
chemical resistance. electrical 
properties are only fair, Large parts 
may be more easily molded from 
nylon 6 because it has a wider plas- 
ticizing range yet requires lower heat 
than nylon 6,6 which sets up much 
faster. This material is suitable for 
injection molding, extrusion and blow 
molding. 


Sirty sis 


Mr. Thompson stressed the four 
strong points of Lexan. The notched 
Izod impact strength is in the range 
of 12-16 ft. lbs. per in. of notch, 
heat resistance to thermal-oxidative 
degradation is up to 300°F, dimen- 
sional stability is excellent, and 
electrical properties are good, Heat 
distortion range is 280-290°F. 

Lexan is a_ polycarbonate resin 
made by a condensation reaction. 
This reaction occurs by splitting out 
hydrochloric acid from a bifunctional 
phenol to give a linear polymer con- 

sting of bisphenol groups joined to- 
gether with carbonate linkages. This 
is only one resin of the polycarbonate 
family and many variations are pos- 
sible. 


| Southern 


Prize Plan Started 
Sam Rutland 

The first meeting of 1958 was held 
January 20 at the Architects and 
Engineers Institute Building, 230 
Spring Street, N. W., Atlanta, 
Georgia. Presiding officer was our 
new president, Mr. Bill Erb. 

Our program co-chairmen, Mr. Ray 
Kruse and Brad Nicholson, discussed 
their tentative program plans for the 
coming year and solicited opinions 
on several proposed projects. 

At this meeting a policy of draw- 
ing for a door prize was instituted. 
The drawing will be made from the 
names of the total membership but 
only those present at the meeting 
are eligible to win, so in addition to 
the usual benefits, there is added 
inducement to attend meetings. 

After dinner the members visited 
the Department of Industrial Design 
at Georgia Tech. The visit was con- 
ducted by Mr. N. Worell and Mr. H. 
Bredendiech, of the Georgia Tech 


faculty. Mr. Bredendiech explained 
the basic philosophy and objectives 
of Industrial Design and showed 
many interesting exhibits of students’ 
work. 


Newark 


‘Stump Experts’ 


Panel Program 
Robert A. White 

The January meeting of the Ne- 
wark Section was conducted by newly 
elected Section President Ernest J. 
Csaszar, Robert Hoehn, outgoing pre- 
sident, expressed his sincere apprecia- 
tion for the support given him during 
his term. He reflected that a_ will- 
ing spirit and ever increasing interest 
in SPE ideals marked the year 1957 
and featured outstanding growth of 
the Newark Section. 

In his initial address as president, 
Ernest Csaszar spoke of the high 
standard of performance achieved by 
past section presidents, promising 
relentless endeavor to maintain these 
standards and to further the high 
ideals of S.P.E. 

Newly elected officers and board 
members were introduced as follows: 
Vice President, Allen E. Serle, Secre- 
tary Treasurer, Albert Spaak; Nation- 
al Director, Donald W. Biklen; Direc- 
tors, D. V. Blatter, Frank A. Lombard 
and Harrison W. Van Duyne. 

The death of Dr. Thomas J. Blisard 
was announced with deep regret. Dr. 
Blisard had supervised the plastics 
engineering courses in the Special 
Courses Division at Newark College 
of Engineering. The section had bene- 
fitted greatly by association with Dr. 
Blisard, His efforts and his support 
of S.P.E. activities were largely 
responsible for the tremendous success 
of the S.P.E. sponsored Plastic 
Courses presented at N.C.EF. 

The program for the evening was a 
Stump the Experts panel, consisting 
of Molders, Mold Makers and Mold 
Designers. The panel moderator was 
E. J. Csaszar, Sales Engineer, Ne- 
wark Die Company. The panel con- 
sisted of John A. Kavanaugh, Exe- 
cutive Vice-President Standard Tool 
Company; E. S. Bowers, Chief Tool 
Engineer, Cambridge-Panelyte Mold- 
ed Plastics Co.; S. C. Snyder, Sales 
Technologist, FE. I. du Pont de 
Nemours & Co.; Allen E. Serle, Shaw 
Insulator Company and Hiram Mc- 
Cann, Editor, Modern Plastics. 

Prior to opening the meeting for 
audience participation, each panel 
member presented his view of a con- 
troversial theory on technique, de- 
signed to stimulate audience partici- 
pation, The program was extremely 
successful, with many discussions 
continuing after closing of the meet- 
ing. Audience reaction was enthusias- 
tic and almost argumentive on many 
issues, 
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Chicago 


Beryllium Copper 


For Injection Molds 
Joe Schmidt 


The January meeting of the Chicago 
Chapter of the S.P.E. was held at the 
Western Society of Engineers on 
January 13th. 

The principal speaker was Mr. John 
Kavanagh of the Standard Tool Com- 
pany. The attendance numbered about 
125. The lecture hall was filled to 
capacity. 

Our speaker, John Kavanagh, dis- 
cussed the uses and advantages of 
beryllium copper in injection molds. 
He cited various instances where 
beryllium copper mold components 
had decreased cycle time by between 
ten and thirty per cent. The speaker 
also mentioned the Shaw processing 
of casting. Standard Tool Company, 
he said, had been using it to great 
advantage in casting beryllium cop- 
per. 

A lively discussion period closed 
the meeting. Mr. Kavanagh answered 
most of the questions submitted by 
the audience. 

At the Board of Directors meeting, 
the following committee chairmen 
were appointed: 

Charles Rank—Professional Activi- 
ties; William Brown—Membership and 
Credentials; Joe Schmidt—Publicity; 
Ken Dahl—Educational; Robert Rey- 
nolds — Program; Frank Moore — 
House. 


St. Louis 


Marlex Properties 
R. A. Karasek 


The St. Louis Chapter of the 
Society of Plastics Engineers held its 
first meeting of the year, January 
21st. The first part of the meeting 
covered the installation of new of- 
ficers. These officers are as follows: 
Robert McDorman, President; Tom 
McNearney, Vice-President; R. A. 
Karasek, Secretary; Dick Baumgart- 
ner, Treasurer; and Christ Kacalieff 
remains National Councilman, New 
directors aré Lyle Dean, Tom 
McNearney, and R, A. Karasek. The 
Chairman of the House Committee is 
Jack Lake and Tom McNearney re- 
mains Program Chairman. 

The new president, Robert McDor- 
man, gave a short talk outlining 
various phases of the S.P.E. group 
and his plans for the future. 

The chief speaker of the evening 
was G. F. Blinzler, Sales Engineer, 
Phillips Chemical Company. The 
various physical characteristics of 
Marlex linear polyethylene were 
shown in chart form, There is no 
all-around linear polyethylene which 
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is right for all applications; each one 
has its own distinctive features. 

There was also some discussion as 
to the type of equipment which would 
produce the most satisfactory result 
such as preplasticizers, weigh feed- 
ing, direction of gating, etc., all of 
which were given consideration. 

After Mr. Blinzler completed his 
talk, there was a very interesting 
question and answer session. The 
questions showed the great interest 
people in all phases of plastics have 
in this type material. 


Southern California 


Polycarbonate 
John A. Stahmann 


At a_ recent 3oard of Directors 
meeting for Southern California SPE, 
officers for the year 1958 were 
elected as follows: 

President—Jack G. Fuller, Jr., Her- 
cules Powder Company; Vice Pre- 
sident—Dr. Robert Steinman, Garan 
Chemical Corp.; Secretary—Mr. John 
Stahmann, Gladding, McBean & Co.; 
Treasurer—Tom Schaub, Furane Plas- 
tics, Inc.; Program Chairman 
Leo Costanza, Douglas Aircraft Co.; 
Membership Chairman—Charles Zim- 
merman, West Coast Plastics Dist., 
Inc.; National Director—John Del- 
monte, Furane Plastics, Inc. 

Our new Directors for 1958-1961 are 
John Stahmann, Lloyd Dixon, Jr., and 
Zachary Harris. 

High impact strength is one of the 
main reasons for the enthusiasm 
shown Lexan, reported Mr. W. S. 
Christopher during the Southern 
California Section’s January Meeting. 
As Manager of Market Development 
for General Electric, Mr. Christopher 
ive the latest informa- 


was able to g 
tion on this timely subject. He ad- 
dressed an appreciative audience of 
some hundred and fifty S.P.E. and 
S.P.I. members. 

Lexan, a polycarbonate the first of 
this new family of thermoplastics, 
will be available shortly in pilot plant 
quantities. Besides the high impact 
strength, advantage will be taken of 
its good electrical properties, dimen- 
sional stability, and heat resistance. 
Costs are expected to go down from 
about $2.50 per pound as production 
increases, 

Synthesis is similar to that of 
epoxy resins, combining bisphenol 
with carbonyl! chloride. Side radicals 
can be nitrogen, oxygen, sulphur, and 
organics. The structure is not further 
cross-linked by radiation to a detri- 
mental extent. 

Lexan is extremely tough, display 
ing better impact strengths than 
nylon, polystyrene, acrylics, or pheno- 
lics. Notched Izod is between 12 and 
16 foot pounds per inch. Tensile 
strengths are lower than nylon but 
show little elongation under stress. 


Water permeability is about aver- 
age for polymers. Gas permeability 
may be poor. It is stain resistant to 
many of the common household fluids 
such as coffee, lemon juice, and 
iodine. It is attacked slowly by am- 
monia, amines, and alkalies. It is 
solvated by chlorinated hydrocarbons, 
dioxane, and some other organics. 

Injection molding methods are used 
in fabrication. Molds should be heat- 
ed from 170°-200°F with a cylinder 
temperature of 525°-600°F, The nozzle 
should be heated. Adequate pressures 
are from 10,000 to 30,000 psi. Gener- 


ous gates should be employed. 


Ontario 


Educational Courses 
Horry Watson 


The Ontario Section of the Society 
of the Plastics Engineers is taking 
action to establish educational courses 
in plastics in Canada. 

The section is polling the industry 
to find out what type of educational 
courses are wanted; how many people 
would participate in such courses and 
what companies would be willing to 
provide lecturers. 

The University of Toronto and the 
Ryerson Institute of Technology are 
both interested in the results of this 
poll. Both will put plastics courses 
on their night school extension lists 
providing the industry can tell them 
exactly what type of courses are 
needed, can promise that the courses 
will be well attended; and = can 
guarantee that the industry’ will 
supply lecturers. 

The decision to do something about 
the lack of educational courses in 
plastics in Canada was made at the 
January meeting of the Ontario sec- 
tion of the SPE. This meeting took 
the form of a panel discussion on edu- 
cation in the plastics industry. 

Two of the panelists were from the 
plastics industry. Two were from 
Toronto’s universities. Newly elected 
president Al Orr, Canadian Resins 
and Chemicals Limited, acted as 
moderator, 

At the close of the panel discus- 
sions there were so many questions 
and opinions from the floor that the 
usual closing hour was ignored. It 
was two hours beyond the normal 
closing hour before Moderator Orr 
finally called a halt. 

The general feeling was that, unlike 
England and the U.S.A., Canada lacks 
educational institutes which give 
comprehensive courses in_ plastics. 
The educators on the panel said they 
would be willing to oblige, “if only 
you will tell us exactly what you 
want.” 

The meeting decided that the best 
way to answer this was to poll the 
entire industry. President Orr said 
that the poll would take the form 
of questionnaire circulars. 
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West New England 


Reinforced Plastics 
C. Judd Holt 
Fifty-three members and guests at- 
tended the meeting of Februarv 12, 
at Betty’s Towne House, Agawam, 

Mass. 

It was “Reinforced Plastics Night.” 
Walter E. Klesper (Holyoke Wire 
& Cable) was technical chairman. 

William F. Condon, vice president 
of Cordo Molding Products, Inc., was 
guest speaker. 

Three section 


members also par- 
ticipated in the program. They were: 
W. Martin (Holyoke Plastics 
Corp.); Thomas A. DeMarco (Mon- 
santo Chemical Co.); and Dr. Fred- 
eric J. Locke (Monsanto). 

At a special board of directors 
meeting held prior to the general 
Arthur W. Logozzo (Nut- 
meg Chrome Corp.) was elected the 
section’s national director. Logozzo, 
a former president of the section 
(1955-56), will fill the post reecntly 
vacated by George Martin when he 
was elected national secretary at the 
Detroit ANTEC. 


Condon 


George 


meeting 


reinforced 
preimpreg- 
nated fabrics prod: hic firm 
and spoke generally ou. cu present 
and future roles of such material 
in the aircraft and missile fields. He 
had with him a comprehensive prod- 
uct display to illustrate his talk. 
The three local members brought 
the section up-to-date on the pro- 
activities and educational 


described the 
molding compounds and 


fessional 
programs. 
Martin, who headed up the pro- 
fessional activities group nationally 
until he accepted the 
post, discussed what 


secretarial 


progress has 


been made at the national level and 
described the overall objectives of 
the program, 

DeMarco, chairman of the section's 
professional activities committee, re- 
ported that 51 members had express- 
ed interest in participating in the 
new program. He said his committee 
expected to activate sub-committees 
on extrusion, injection molding and 
compression molding within the next 
few months. 


Locke, who is educational chair- 
man for the section, described the 
activities of his committee and gave 
members a fill-in on the status of 
plastics education locally. He urged 
plastics firms to cooperate’ with 
schools offering courses which lead 
to careers in plastics engineering. 
One way local companies can help 
is by offering summer job opportu- 
nities to students enrolled in such 
courses, he said. 


Cleveland-Akron 


Economies of Vacuum Forming vs. Molding 
Milan Krajcik 


A new year started for the Cleve- 
land-Akron Section of the Society of 
Plastics Engineers with the January 
meeting held at the Spanish Tavern 
in Brecksville, Ohio. 

Retiring President Ed Campi, along 
with his officers, received a well de- 
served vote of thanks for his guid- 
ance to a successful year in 1957. 
The newly installed President, W. D. 
Martin, who is associated with Inter- 
national Molded Plastics in Cleveland, 
Ohio, then took the reigns for the 
coming year, and we can be sure that 
with the active support and _ partici- 
pation of all members, we can face 
the challenge presented by past ac- 
complishments and accomplish even 
more under the guidance of our new 
President, 

New officers introduced by Mr. 
Martin are as follows: 

Vice President—Wm,. A. Messina; 
Secretary—E, J. Haskins; Treasurer 
—D, R. Butler; National Director— 
E. P. Moslo; Section Directors—Sher- 
man Crawford, Ralph Rohlfing, James 
Jones, Bill Martin, Edward Haskins, 
Bill Messina, Harold Olson, Don 


Butler, Milan Krajecik. 

Two speakers, R. L. Lee and H., C. 
MacDonald of Dow Chemical Co. were 
featured. The speakers were both in- 
teresting and informative. 

Mr. Lee had as his subject “The 
Economics of Vacuum Forming vs. 
Injection Molding”, and pointed out 
very aptly that extremely thin parts, 
such as sundae or banana split dishes, 
made from polystyrene can be made 
more economically by the vacuum 
forming method, It was also quite 
apparent, from his remarks, that in- 
jection molding is more economical 
for parts which must have design 
features other than those suggested 
by the above parts. 

Mr. MacDonald’s topic “Opportunity 
is Dead”, on the surface, would indi- 
cate that a very gloomy future is in 
store for us. However, his graphs and 
charts, which showed a constant up- 
ward trend, belie this assumption, He 
pointed out that with sound merchan- 
dising methods and agressiveness, we 
can rest assured that “Opportunity 
is not dead”. There is still more room 
at the top of the charts. 


intake tube 


hoppers.) 


AUTOMATIC 


HOPPER LOADERS 


handle ALL plastic materials! 


Whitlock loaders transfer all Thermosetting and thermoplastic material from 
floor level to your hoppers. Our filler cone attachment, and 
(available for 


all models) 


But that’s not all — Whitlock loaders are self-supporting units — no attach- 
ment to the press is required. You can place the unit wherever you desire. 
This makes for easy, quick installation. 


Write or phone today for complete specifications 


WHITLOCK ASSOCIATES, 


21657 Coolidge Highway, Oak Park 37, Mich., Telephone Lincoln 6-7266 


new 
make it easy to transfer all dry 
colored and fine powder plastics without creating a cloud of dust — just place 
the suction intake tube on top of the material — press the starter button — 
the tube pulls itself into the material. 
All models operate from your plant air supply. They are ready for prompt 
delivery — various sizes are available with rated capacities up to 2,000 pounds 
per hour. (Automatic controls keep a constant supply of material in your 


INC. 


suction 


Model 512 
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Kansas City 


Midwest Research 


Institute Explained 
K. A. Kaufmann 


The January meeting of the Kansas 
City Section took place on the even- 
ing of January 22, 1958 at Wolfer- 
man’s Restaurant on the Country Club 
Plaza. 

The new officers and committee 
chairmen assumed their offices as 
listed below: 

President—Carl W, Bontemps; Vice 
President—John Comeau; Secretary 
Robert Thomson; Treasurer—William 
Prelogar; National Council—Fred C. 
Sutro; Program Committee—Phillip 
G. Fleming; Membership Committee— 
Kenneth A, Kaufmann; Professional 
Activities Comm.—Leo B. Croley; 
House Committee—John Comeau, 

In spite of the snow there was a 
fair attendance. Mr. Howard Gad- 
berry, Head, Industrial Chemistry 
Section, Midwest Research Institute 
presented a discussion of the facili- 
ties, organization and capabilities of 
the Institute in various fields includ- 
ing plastics. This interesting talk was 
nicely illustrated by a number of 
color slides shown by Mr. Gadberry. 

Mr. Gadberry noted that the 
organization of Midwest Research In- 
stitute is set up along disciplinary 
lines rather than industry lines, such 
as Basic Chemistry, Biological] Re- 
search, Chemical Engineering, Phy- 
sics, Electronics, Economic, Market- 
ing, Operations Research, and the 
like, to facilitate a team approach to 
problems. 

Specialty areas of interest have 
been: automation and automatic 
controls, low angle X-ray scatter for 
investigation of fatigue and stress 
problems, and cancer chemotherapy. 

No plastics group as such exists but 
various teams have become proficient 
in resin synthesis of new and unique 
materials, unusual physical, basic 
molecular measurements, structural 
applications and unusual adhesives. 
The six major areas of plastics of in- 
terest are resin research and develop- 
ment; applications research; engineer- 
ing handling of plastics; plant trouble 
shooting; sheets, the films and 
packaging with plastics; and _ bio- 
medical problems. 

Mr. Gadberry’s talk was very in- 
teresting and full of details about 
various unusual problems which have 
been solved at the institute and was 
much enjoyed by those attending. 


Technical Programs 
Regional Conferences 


(See Page 11) 
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od aie Baker Brothers, Inc. of 


a Toledo make a full line 
of presses, from 25 to 
450 ton capacity. They 
handle any type of 
thermo-setting material 
... adjust as to time and 
length of function... 
operate automatic- 

ally, manually or 
combination. 


Baker Brothers test 
everything that goes 
into making their 
presses. They found best 
results with West tem- 
perature controllers. And, 
increasingly, their customers 
specified West. Now, subject to custom 


requirements, West is standard on any Baker 
presses which include instruments. 


YOU stand t 


o gain by finding out why every year more 


engineers specify WEST instruments ...why more than 
half of all new installations are by WEST. 


Call any West office or 
write for facts. 


the trend is to WEST —ag- 


ATION 


ALES OFFICES IN PRINCIPAL CITIES 


4359B MONTROSE, CHICAGO 41, ILL. 


Plant: WEST INSTRUMENT LTD. 
Regent St, Brighton 1, Sussex 


Represented in Canada by Upton, Bradeen & James 
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Rocky Mountain 


New Officer Slate 


At the January 23rd meeting of 
the Rocky Mountain Section of SPE, 
the new officers for 1958 were elect- 
ed. The newly elected men are: Presi- 
dent, Prof. Paul Barrick, University 
of Colorado; Vice Pres., Wayne F. 
Robb, Pres., Tooling Specialties, Inc.; 
Secretary, Prof. Dick Crawford, Uni- 
versity of Colorado; Treasurer, Ray 


Millard, Pres., Denver Plastics, Inc. 
At the meeting, two new members 
Ray L. Hauser, Martin-Denver Co., 


and Bill L. Williamson, Ingwersen 
Mfg. Co., Inc., were welcomed, mak- 
ing a roster of 28. 


On March 20, “Optical Design with 


Plastics” will be the topic of Mr. 
James Crate of E. I. du Pont Co. 
Dinner and meeting at 7 and 8 are 
to be held at the Oxford Hotel. 


As a service to the Rocky Moun- 
tain area, the Rocky Mountain SPE 
Section has arranged a panel to help 

any problems concerning the 
and applications of plastics. 
Our guest speaker for the evening 


solve 


use 


was Mr. Dick Askew, Western Dis- 
trict Manager for Phillips Chemical 
Company. Mr. Askew spoke and pre- 
sented color slides on Linear Poly- 
ethylenes as produced by Phillips. 


The speech proved to be very inter- 
esting and informative. 
Chairmen appointed by the presi- 


dent are: Professional Activities, 
Wayne Robb; Program, Dick Craw- 
ford; Publicity, John Lindsey; House 


Chairman, Bill Williamson; Nomi- 
nation, Vernon Leonard; Election & 
Inspection, Neal Yorker; Education, 


Mike Hiza; 
tials, Tom 
Pechman. 

Board of directors 
Ray Millard, Dr. Ray Hauser and 
Harold Smith, 3 year term; Tom 
Taplin, Wayne Robb, and Oscar B. 
Yorker, 2 year term; and Egon 
Weiselman, J. Ellis Chaney and Paul 
Barrick, one year term. Oscar B. 
Yorker was appointed National Coun- 
cilman. 


Membership & Creden- 
Taplin; By-Laws, Jack 


members are: 


Milwaukee 


Officers Elected 


James S. Hearons 

The January meeting of the Mil- 
waukee Section of the SPE was held 
Tuesday, January 21, at the Bavarian 
Club at 6:00 P.M. dinner included. 

The meeting was opened by our 
new president, Tom Hardeman, and 
notes on future meetings were given 
by Herb Goeden. Meeting dates and 
the place of the meetings have been 


changed to the third Tuesday of 
each month at the Bavarian Club, 
5423 North Port Washington Road, 


Milwaukee, Wisconsin. 
The speaker of the evening was 


Harold Sexauer, sales engineer for 
the Elox Corporation of Michigan. 
Mr. Sexauer showed a film and dis- 
cussed electrical discharge machinery 
of plastic molds. It was a most inter- 
esting presentation and the question 
and answer session was very lively. 

The following new officers were 
recently elected for the coming year: 
Thomas R. Hardeman, President, 
Hardeman Laminating Incorporated; 
Herbert Goeden, vice president, Con- 
tinental Can Company; Robert Giles, 
secretary, American Motors Corpor- 
ation; George Gray, treasurer, Cadil- 
lac Plastic Company; T. Walter 
Noble, national director, Decar Plas- 
ties. 

Section directors are: Charles E. 
Egan, Owens-Corning Fiberglas Corp., 
2 years; A. J. Simmons, Plymouth 


Industrial Products, 1 year; Harold 
Hulterstrom, Flambeau Plastics, 1 
year; Clarence Stowe, Stowe Plas- 


tics, 1 year, 

The following are committee chair- 
men: Professional—Tom Hardeman, 
Hardeman Laminating Incorporated; 


Publicity & SPE Reporter—J. S. 
Hearons, Owens-Corning Fiberglas 


Corporation; Membership — Richard 
Allen, Celonese Corporation; House— 
John Verburg, Continental Can Com- 
pany; Program—Joe W. Stewart, 
A. O. Smith Corporation; Assistant 
Program—Marvin C. Stowe, Stowe 
Plastics Products; Editorial—Harry 
Bertzlaff, A. O. Smith Corporation. 


IMPCO HA8-275 


750 Dry Cycles Per Hour 
at Full 14%" Stroke 


with this 8-10 ounce machine 
Send today for Bulletin P-114. 


Seve nty 


IMPROVED 
MACHINERY INC. 
Nashua, New Hampshire 


In Canada, 
Sherbrooke Machineries Limited, 
Sherbrooke, Quebec 


OMNI PRODUCTS CORP. 
York, New York 


Export Distributors 
460 Fourth Avenue, New 
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(Continued from page 61) 


Nylon Extruders, Inc. 
3431 Michigan Ave., Detroit 16, Michigan 
Nylon Molded Products Corp. 

Freedom Street, Garrettsville, Ohio 
Olsenmark Corp. 

124 White St., New York 13, N. Y. 
Patent Button Co. of Tennessee 


Knoxville, Tennessee 
Peerless Roll Leaf Co., Inc. 
1335-45 West Lake St., Chicago, Illinois 


Phillips Chemical Company 

Bartlesville, Oklahoma 

Plastic Materials, Inc. 

New South Road, Hicksville, L.I., N. Y. 

Plastic Molders Supply Co., Inc. 

74 South Avenue, Fanwood, N. J. 

Plastics Engineering Co. 

Sheboygan, Wis. 

Poly Plastic Products, Inc. 

2 Fourth Avenue, Paterson 4, N. J. 

Pribble Plastics Products, Inc. 

554 Eben Street, New Haven, Ind, 

Prodex Corporation 

King George Post Road, Fords, N. J. 

Product Techniques, Inc. 

238 N. Main Street, Hudson, Ohio 

The Rainville Co., Inc. 

224-7th Street, Garden City, N. Y. 

R, C. Molding, Inc. 

112 S. 6th Street, New Hyde Park, N. Y. 

Reed-Prentice Corporation 

677 Cambridge Street, Worcester, Mass. 

Rezolin, Ine. 

1651 - 18th Street, Santa Monica, Calif. 

Rohm & Haas Company 

Washington Square, Philadelphia 5, Penna. 

S & C Electric Company 

4435 Ravenswood Avenue, Chicago 40, Ill. 

Schwab Plastics Corp. 

730 South Dix Avenue, Detroit 17, Mich. 

Seiberling Rubber Company, Plastics Division 

Newcomerstown, Ohio 

W. A. Sheaffer Pen Company 

Ft. Madison, Iowa 

Shell Chemical Corporation 

380 Madison Avenue, New York 17, N. Y. 

Sonoco Products Company 

Hartsville, S. C. 

Spencer Chemical Co. 

610 Dwight Bldg., Kansas City 5, Mo. 

Sterling, Inc. 

3738 North Holton Street, Milwaukee 12, Wis. 

F. J. Stokes Corporation 

5500 Tabor Road, Philadelphia 20, Penna. 

Sunlite Plastics, Ine. 

1506 W. Pierce Street, Milwaukee 46, Wis. 

Tennessee Products & Chemical Corp. 

326 Union Street, Nashville, Tenn. 

Thermo Plastic Materials, Inc. 

2929 No. Campbell, Chicago, III. 

Tracerlab, Inc. 

1601 Trapelo Road, Waltham 54, Mass. 

United Plastic Industries, Inc. 

1300 Water Street, Vassar, Michigan 
(Please turn to page 72) 
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Companies Registered at ANTEC... 


PLASTIC MOLDERS SUPPLY CO., INC. 
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Symbol of the Ultimate in 
Dry Colorants for Every Type 
of Thermoplastic . . . and 
Color Paste Dispersions 
for Polyester and Epoxy Resins 
Choice of the Industry's 


Leaders Who Demand Perfection 


South Ave., 


USKY, OHIO, PLANT WORCESTER, MASS 
ne Sandusky 8754 Phone Pleasant 5 


CHICAGO WAREHOUSE AND SALES OFFIC 


hone SHelldroke 3 + 


TWX FANWOOD, NEW JERSEY 531 
SANDUSKY, OHIO; SDKY 264 
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Companies Registered at ANTEC... 
(Continued from page 71) 


° 4 U.S. Industrial Chemicals Co., Div. of National Distillers 
in accurate, automatic, full- eee 
99 Park Avenue, New York 16, N. Y. 

P.O. Box 350, Akron 9, Ohio 
The Van Dorn Iron Works Co. 
2685 East 79th Street, Cleveland 4, Ohio 
Visking Company 
6733 W. 65th Street, Chicago 38, Illinois 
Waterbury Companies, Inc. 
Waterbury 20, Conn. 
Watson Stillman Press Div. 
565 Blossom Road, Rochester, N. Y. 
Wayne Plastic Corp. 
2330 Dwenger Ave., Fort Wayne, Indiana 
Welding Engineers, Inc. 
Norristown, Penna, 
Wess Plastic Molds Inc. 
112 S. 6th Street, New Hyde Park, N. Y. 
The West Company, Inc. 
Phoenixville, Penna. 
West Instrument Corp. 
4363 W. Montrose Avenue, Chicago 41, Illinois 
Westchester Plastics, Inc. 
326 Waverly Avenue, Mamaroneck, N. Y. 
Western Textile Products Co. 

y 2131 Hickory Street, St. Louis, Mo. 
MODEL 6007 C. H. Whitlock Associates 

21655 Coolidge Highway, Oak Park, Michigan 


HIGH Temperature Welverine Plastics, Inc, 


Milan, Michigan 
Dual Oil CIRCULATING UNIT Wyandotte Chemicals Corp. 
Wyandotte, Mich. 
The Sterlco Model 6007 was developed to answer the need of Yardley Plastics Company 
@ temperature control unit which would assure steady, accurate Columbus, Ohio 
high temperature control . . . and the Model 6007 does just 
that. This new Sterlco unit gives hair-line accuracy from 100° F. 
to 500° F. or higher. Its dual 12 KW heaters and circulating e 
pumps can be used together or separately. Dry Blend Extrusion = ow 
Sterlco engineers are thoroughly acquainted with the procedures (Continued from page 48) 
and problems in temperature control . . . this valuable experi- — 
ence is available te you. Weite us today! specific gravity of the insulation. The true specific grav 
ity was then obtained on stripped insulation that was re- 
REP..cSENTATIVES IN PRINCIPAL CITIES worked into compound form free of air (by press molding 
or mill rolling). The differences in the specific gravities 
See, divided by the true specific gravity times 100 equals per- 


T L NY G, N cent air volume. 

5202 W. CLINTON AVE. . MILWAUKEE 18, WIS. WIRE RATES as reported were all corrected to the 
Export: Omni Products Corporation, 460 Fourth Ave., New York 16, N. Y¥. same wall thickness. One minute samples were accurate- 
: ly measured for footage and then the gross weight obtain- 

ed on this sample. The weight of copper wire (in the 
GET SET and GO measured sample) was subtracted from the gross weight 
ey to obtain the weight of PVC per minute. The weight of 
PVC was then divided by a factor (equal to the weight of 
PVC per ft. on 14 ga. wire with a 130” O.D. coating) to 

give a corrected footage. *® *® 


1. Carley, J. F., et al., “Extrusion Symposium”, Ind. Eng. Chem, 45, 
(1953) 
McKelvey, J. M., Bernhardt, E, C., “Adiabatic Extrusion of 
Polyethylene” SPE Journal 10 March 1954 
Maillefer, Charles, “An Analytical Study of Single Screw Extrud- 
er”, British Plastics (October & November 1954) 
Colwell, R. E., Preprint 13th Annual Technical Conference 1957 


Sackett, R. D., “Factors to Consider in the Selection of Extruder 
Screws”, SPE Journal 13 June 1957 
Sackett, R. D., Hankey, E. H., “Important Advances in Extrusion 
Technology”, Monsanto Wire Recorder Vol. II, No, 5 
Model 6 
ee Model 6012 i Maddock, B. H., “Factors Affecting Quality in Polyethylene Ex- 
Single trusion”, Modern Plastics Magazine 34 April 1957 


Model 6002 Duval 
ABOVE ARE WATER CIRCULATING UNITS *. Bernhardt, E. C., “Valved Extrusion”, SPE Journal 13 Feb. 1957 
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CLASSIFIED ADS 


Mold Design Engineer 

Excellent opportunity for right man with mold design 
and quotation experience in growing mold shop of 14 
men, in Philadelphia area. Must invest some capital to 
become part of business. Our expansion is held up by 
need of this man. Full particulars including salary. Con- 
fidence held. Reply Box 1458, SPE Journal, 34 East 
Putnam Ave., Greenwich, Conn. 


Reinforced Plastics Sales Engineer 

National raw materials company needs aggressive 
sales engineers to cover California, Wisconsin, Illinois, 
Indiana and New England. 

This program includes commission selling of all types 
of reinforcing materials to all segments of this industry. 
Send complete resume including experience. Replies will 
be held in strict confidence. 

Reply Box 1258, SPE Journal, 34 East Putnam Ave- 
nue, Greenwich, Connecticut. 


Injection Molding Machines 
We offer the following machines for sale, which we 
have taken in trade, as we are distributors for new 

NATCO Injection Molding Machines: 

ONE 32-0z. HPM Machine, new in 1950. Can be seen in 
good operating condition. 

ONE 16-0z. W-S Co., approximately 10 years old; has 
been reconditioned, and offer in good operating 
condition, complete with IMS cylinder and spare 
cylinder. 

ONE 12-0z. W-S Co., approximately 4 years old, complete 

with hopper dryer, thermolator, ete. May be seen in 

good operating condition. 

‘an deliver immediately and have priced accordingly. 

Reply to: Stanley Berg Machinery Co., 1231 Banksville 

Rd., Pittsburgh 16, Pa. 


~ 


Wanted 
Technically trained man with some plastic experience, 
to develop and conduct control tests and experimental 
tests on plastic pipe and extruded sections. Will have 
wide latitude of engineering duties in large modern ex 
trusion plant. Reply Box X31, SPE Journal, 34 Fast 
Putnam Avenue, Greenwich, Conn. 


Plastic Engineer 

To do products development work in new laboratory 
with expanding, well established proprietary manufac 
turing concern located in the Midwest. Work will cove 
broad range of industrial and household applications. 
Experience required in injection and compression mold 
ing plus general familiarity with thermoplastics and 
thermosetting compounds. Rubber compounding experience 
desirable but not essential. Future, salary open. Reply to: 
Box X32, SPE Journal, 34 East Putnam Avenue, Green 
wich, Connecticut. 


Assistant Plant Manager 
Expanding, well established Midwest company, manu 
facturing proprietary and custom molded plastics prod- 
ucts, has an excellent opportunity for a young man who 
can qualify for a position as assistant Plant Manager. 
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Position requires broad experience in plant supervision, 
administration, production planning, labor relations, ete., 
and a thorough knowledge of injection and compression 
molding equipment and materials. Salary open. Box X33, 
SPE Journal, 34 East Putnam Avenue, Greenwich, Con- 


necticut, 


Plastic Engineer — Estimator 

Excellent opportunity for a qualified man to become 
associated with a Midwest company, manufacturing well 
established lines of proprietary plastic products, which is 
expanding its custom molding operation. This position 
requires a man to assist in mold design, estimate mold 
cost, price parts, and follow the job through molding 
and finishing of the part to customer acceptance. Position 
offers unlimited opportunity for future advancement. 
Starting Salary open. Box X34, SPE Journal, 34 East 
Putnam Avenue, Greenwich, Connecticut. 


Manager, Monofilament Laboratory 

Opening for qualified technical person to establish 
and manage Monofilament Laboratory. Interested person 
should have at least five years experience in melt ex- 
trusion, synthetic fibers, product development, and tech- 
nical service activities. An excellent opportunity with a 
basic resin manufacturer having a major stake in the 
synthetic fiber field. Send a resume of experience, desired 
salary, etc. Box No. X38, SPE Journal, 34 East Putnam 
Avenue, Greenwich, Connecticut. 


PLASTICS CHEMISTS AND ENGINEERS 

Openings are available in expanding R & ID depart- 
ment to provide products applications services to poly- 
ethylene sales. 

These services will include: evaluations of fabrica- 
tion techniques, products application evaluations and de- 
velopment, technical service calls to customers, and pro- 
viding technical information to sales concerning poly- 
ethylene fabrication and quality. 

Location: National Petro-Chemicals Corp., Tuscola, 
Ill. 

Require chemists, chemical engineers, and _ plastics 
engineers with B.S. degree. Applicants with previous 
thermo-plastics experience preferred. 

Submit resumes to Industrial Relations Department. 

NATIONAL DISTILLERS 
AND 
CHEMICAL CORP. 
99 PARK AVE., NEW YORK, N. Y. 


POLYVINYL CHLORIDE 
NEW TECHNICAL SERVICE DEPARTMENT: 
Opportunities for 
TECHNICAL SERVICEMEN with B.S. or M.S. 
degrees in Chemistry 
or Engineering, and 3 to 10 years experience in 
compounding or processing in the vinyl calender- 
ing, extrusion, or electrical applications fields. 
Research Center located on Lake Erie, 30 miles 
east of Cleveland, Ohio. 
You are invited to submit a resume of your quali- 
fications. All inquiries will be given confidential 


and prompt consideration. 
WILLIAM L. ABELE, RECRUITING DEPARTMENT 
DIAMOND ALKALI COMPANY 
300 UNION COMMERCE BUILDING 
CLEVELAND 14, OHIO 
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Positions Wanted Plastics Casting Engineer 


Plant Manager—Tool Supt. 


Presently engaged in the electronic industry. Wishes 
to relocate to Florida but will consider other areas. Broad 
experience and knowledge in casting methods, applica- 


Engineer - Age 50 - Heavy experience in thermosetting 
plastics molding and finishing including automatic meth- 


tions, compounding formulations and mold designs fo 
Epoxy, Silicone, Polyester, Phenolic and Elastomeric 
Resins in conjunction with the encapsulation, potting o1 
hermatic sealing of electronic components and in associa- 
tion with the manufacturing of mechanical and electro- 
mechanical parts. Write Box 1558, SPE JOURNAL, 34 
East Putnam Ave., Greenwich, Conn. 


ods. Broad thermoplastic experience with styrene, acry- 
lies, acetates, nylon, etc. Presently Mfg. Eng. Supv. with 
leading plastic molding company. Available in 30 days. 
Seek position as Plant Manager or Tool Superintendent. 
Prefer captive molder. Reply Box 958, SPE Journal, 
34 East Putnam Ave, Greenwich, Connecticut. 


Plant Manager 


Background of Industrial and Mechanical Engineer 
ing. Experienced in manufacture of plastics and metal - . ’ 
products. Capable of developing and maintaining a prof- vertisers ndaex 
itable operation. Coordination of manufacturing, engin- 


eering and sales. Age 39. Will relocate. Presently 


employed. Box 2857, SPE Journal, 34 East Putnam 
pro ‘ Allied Chemical & Dye Corp., Barrett Division 6, 7 


Avenue, Greenwich, Conn. 


American Cyanamid Co, 


Barrett Division, Allied Chemical & Dye Corp. 


Position Wanted 


TECHNICAL MANAGER/CHEMIST—15 years ex- Celanese Corp. of America 15, 16, 17, 18 
perience in adhesives, coatings, reinforced laminates, ap- Detroit Mold Engineering Co. 14 
plied plastics research, new product development, ad- 
ministration. Successful record of achievement. Desires Dow Chemical Co. BS 
technical executive position with medium size firm inter- 
ested in creative ability and mature judgment. Reply E. I. du Pont de Nemours and Co., Ine. 2 
Box X-1, SPE Journal, 34 E. Putnam Ave., Greenwich, 

Connecticut. ik. 1. du Pont de Nemours and Co., Inc. 8, 9 


Sale Electrophysical Engineering Co. Div, of 

may National Automotive Fibres, Ine. 12, 13 
Position Wanted Frank W. Egan & Co. 76 
“PLASTICS ENGINEER: B.Ch.E. Degree plus 
a Management courses. Age 28, family. Over ° years super- Escambia Chemical Corp. 75 
"Sy visory experience in resins, inks, coatings and plastic 
‘. processing and coloring. Interested in plastic process General Motors Corp., Oldsmobile Division 10 
development or liaison position with future management ae 
: possibilities.” Gering Products, Inc. 23 

Reply Box 1358, SPE Journal, 34 East Putnam Ave ero ee ee 20. 21 


nue, Greenwich, Connecticut. 


Hydraulic Press Mfg. Co. 


Improved Machinery, Inc. 
Position Wanted 

Ph.D. in Chemistry with experience in high polymer 
research and engineering development will accept em- Manco Products, Inc. 57 
ployment in plastics laboratory or plant. 

For full information relating to experience, education 
and personal history, write to Box 1158, SPE Journal, °4 
East Putnam Avenue, Greenwich, Connecticut. 


Lester-Phoenix, Ine. 65 


National Automotive Fibres, Inc., 
Electrophysical Engineering Div. 12, 13 


Oldsmobile Division, General Motors Corp. 10 


Phillips Chemical Company 


“Situations 


Only Wanted" and 
Wanted” will be accepted. Rates: $0.20 per word, minimum 
$7.00. SPE members in good standing are entitled to a 
total of three no-charge “Situation Wanted" advertisements Reichhold Chemicals, Inc. 24 
in any twelve month period as of first insertion. Last day 


“Technical Services Plastic Molders Supply Co., Ine. 


Prodex Corporation 19 


for inserting advertisements is the first of the month pre- Sterling, Ine. 


ceding date of publication. When answering advertisements 


West Instrument Corp, 69 


please address the business offices of the Society. 
Whitlock Associates, Ine, 
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MORE PROFIT 


FASTER EXTRUSION RATES WITH DRY BLENDS FROM YOUR 
PRESENT EQUIPMENT MEAN MORE PROFIT FOR YOU.... 

. And speed is only one of the outstanding advantages you get 
from Escambia’s NEW PVC PEARLS at no extra cost— 


Complete freedom from fines 

Unusually high plasticizer absorption capacity 
Uniform and free-flowing dry blends 
Outstanding heat stability 

Freedom from “fish eyes” 

Excellent color and clarity 

Fast mill banding characteristics 


Competitive PVC Escambia PVC Pearls 
(Each magnified 20 times) 
* PVC Pearls is a trade mark of Escambia Chemical Corporation. 
Manufactured in four molecular weights for all general purpose and many specific operations. 


For samples and additional information on this completely new PVC / write or call — 


ES CANMBtIA CH E M CAL 


oO R R T ! N 


261 MADISON AVENUE NEW YORK 16. N. Y. 


FASTER PRODUCTION : 
@« 
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INCREASE PROFITS TWO WAYS 


WITH A COMPLETE EGAN EXTRUSION INSTALLATION 


4 Lower manufacturing costs 


© 


r 4 Increase production runs 1 


The success story behind every Egan installation is \ 
the extruder proper. Egan Extruders with patented 


“Willert Temperature Control” systems provide 


automatic, balanced temperature levels, which result 


oe in closer tolerance extrusions with greater speed 
and ease. 
<u Complete extrusion installations or accessories 
“EGAN EXTRUDERS: pre-set the temperature; 
available for pipe, film, sheet, shapes. ‘Willert Temperature Control"’ system takes 
over, providing completely automatic instru- 
mentation. 
“also available without ‘‘Willert Tempera- 
ture Control’’ system. 
7 Polyethylene Pipe Unit 
« 
a 
| & 
: DIES: offset or straight-out, with or 
without extended mandrels. 
x 
ie COILERS: dual reel type, with or TAKE-OFFS: roller or 
- without automatic level wind. multiple belt types in 
diameters of 
or 3”—14”". 
i FRANK W. gan & COMPANY 
SOMERVILLE, NEW JERSEY 
. Manufacturers of plastics processing equipment 
& Cable Address: EGANCO — SOMERVILLE NJER v 
Write, or Phone Randolph 2-0200 
For Complete Information— No Obligation. COOLING TANKS: with vertical and horizontal adjustments. 


REPRESENTATIVES: MEXICO, D.F.—M.H. GOTTFRIED, AVENIDA 16 DE SEPTIEMBRE, NO. 10. JAPAN— 
CHUGAI BOYEKI CO., TOKYO. LICENSEE: GREAT BRITAIN — BONE BROS. LTD., WEMBLEY, MIDDLESEX 
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